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:Studies were conducted of rado wave propagation phenomena with
application to USAF air-ground commuracations, puﬁaﬂ t0 a report
“The Possibility of Extending Air-Ground UHF \'g!ce '_c.........-. cas

Distances Far Beyond Radio Horizon, * oy L. A. Ames, E. J. Martia -

June 1956.

The resclts of the studies i..'v._":cate that THF !ro_:osp;‘xzxi: scatter

may be emploved su:i:esu'u’siy a.n. wutk wvaz:.age to extend thc mge o{
communications with high altitude au-:_mt 0 beyond 400 miles tith vny !

= :.o:'s.....m‘. relay station:

reliabsliny im-

would be empﬁoreu 0 extend »ommmc.no.. ..o‘erzge sHll l‘uﬁner. 'Eyp:al e N

.‘A" and ssA"'S missions are discussed using the p'opnud schem el :

A new set oi UHF .:oposphen: scatter joss curves is denved (nut
mcn recent data! Predn:t& perfomx,e is com;n.red with vuy nced

muutmenuofAF"Ran)‘uchWST unngaB-47unwtnmu g
50X1HUM e :

‘Renulu nf tyslem sindies suggest the use of SB vertical phrjn :

nd d:nl spaced diversity, evern in d:e uunﬁ. !tese Tht tes spu:eé -
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meadation for i diately impl anexperimenul open\ﬁonal test
: 4
of one typical grid . -tup centered near B , using r system
) 23 Adad
Further mea and are

parameters and components. ‘
of p;opagation phenomena, particularly on fading chargcterisﬁn in the Arctic

and at high altitudes for very high rehahi}hy devels.
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'Page .1 of 256 pages : T ; :

" Certain studies have been conducted which appear to make promisiag
the appiication of UHF tropospheric m:»usum-mm-
cations.. Thooe stuiles were conducied by ATCRC &ad the results were '
reported by L.A. Ames, E. I. Martis 224 T. F. Rogers in em AFCRC

Tecknicsl Regort of Jume 1955, ensitled “The Possitility of Dxtendlag Alre .

Grezod UEF Velce Commusicatioas to Dicteoses For Beyoad ths Radle
Enzisca®. Fosther Mwnwuwﬁdmmwmm
‘mmm“hxnmwm.mmdu&hmm

S ; %mdmgmmesuegmm&ma*mumﬂym
1. INTRODUCTION '
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&3 ..:iium uplieg losses nﬂ tcrmml obm u

iaﬁ‘ks. Sr:emiauefda.c--ma &sAxﬁ.mﬁTmyﬁcssﬂoﬂs‘. ciy

tocloded are mm-dmﬁnoim LT, HF regelar loyer propagatien. L

VHD 4 44»4 posphert a4 VET motooric scaster.

Section T containg results of sy aa@m ueuh"ap- '

mmmm‘ocﬁmmmbuga. pmprﬁuni-:onﬁ-iiﬁ o
m.qudgm(mmumpmumm
ﬁm—‘dmdﬁﬁ,
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How the proposed ’lyntervn will imi)rove USAF air- ground communications ; LT

is given in Section IV. Outhined are the broad plan and typical SAC and MA1S,

missions; AR : 2
~Section V is a summary and contains recommendations based on'resuits - - N
to date.

; Appendix A details \nethods used in o’bﬁimng linejof-sxgh'i- from mete-
. orological data. - FRETSIR IR -
‘Agoendix B outlines scatter ld_aa calculation methods.
- : .‘ . : N )} ' . : B »» .. . ‘..“\\
In Appendix C is contained a detailed analysis of AFCRC ﬂighf'dan at"?v‘
220 mc, 38,000 - 40,000 ft. altitudes from flights made in March 1957. Our _' >
" curvesare used to ‘preda.cz signal levels and height gain.. Agreement witkin .
3.dbof predicted and measured values is shown.' - »
Appendix D is an extensive tﬂbuognpﬁy used during the study. ..
- Y
, C-O-N-F-1-D-E-N-T-I-A-L _
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A. INTRODUCTION,

A gx;ea! deal more data on UHF tropospheric scatter has become
available in the last year and a half. It is believed desirable to review

these data and reassess previous transmission loss curves. !

Since we believe the effective distance concept is applicable here,
methods for deriving iine-of-‘sight values from meteoro\ogical data are °
tequi:ed for other than a.-'.za;‘, tic prcﬁies. These were ou’h»f' a:-.d deta

permxtted obtammg hne ~u!-s1ght contours for three climatic regmnt. S

Arctzc. Mzdlahtudesa.nd_’!’ropucl.” L . i r

" To pro.}‘:erly assess tropospheric écatter for the application intended,

oiher prupagat:on modes were lmmeu, empnasxzm

-~ zone areas. These mclude studles of VLF, LF HF. VHF mnosphenc .

ud meteoric scatter propagltxon. =

These topics have been s 1d1ed and the: results of the study progr

are given below.

e
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‘ scmer lou dccreuu with dg and cnmequendy the total lou. rnulnn‘

"B, TROPOSPHERIC SCATTER PROPAGATION STUDIES

1. TRANSMISSION LOSS EQUATIONS

For tropospheric scatter circuits with elevated terminals such that
transmission takes place well beyona radio horizon, it is assumed that the
principal transmission losses are (a) that associated with free-space attenl;-‘
" ation between antennas serarated a total transmission distance d and’
(b) those associated with a scattering loss referred to free space evaluated
Eor the Mscatter distance" dg - beyond the radio honzon The total loss has

s!eady te rm associated with (a) and a fading tum assocxated mt.h (b) 7 N

Theé tom path d.xstaru:e d do +dg’ vshcre dy = ék + dT ‘is the hne-of-
- sight dlsunce to be suntractea Ircm d o nge the scaner dzstam;e beyond
horizon dg and dR and d'!‘ are the horizon d:stance at the recennng nd
tra.nsmamng texmm.sls. (ln what folluws. the sphencal geom(-lry is such

that great circle dxstancea and ray dxstances are approxunately equn.l)

A.t a gwen total !rammxssmn paz.h lengt}\ d and for a ﬁud unem
helght at one terminal (say trmm;tter) thu'bﬁecuve duunce" concep
leadl to a second concept of "hexght gain". This comes about in that as the -

ajrcun beight (receivex term.inu) increue- the line-of-sight u.m “R

increases which increases dy and reduces d,. We s\nll see that the .

in an increased rrce:ved power, or "he;ght gnu"

To assess the ch«uuleruuca of troyolphanc scatter truulmsiwul

- we nluu use Norton's? transmission lcn definition suitably mod;!ud The

it amtio i g o




, ) BRIl Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 : CIA-RDP81-01 043R002400130008-8

total transmission loss L. is then the ratio-of !ranuﬁﬂeg power 7?1' to‘the

received power available at the receiver”

L= ET
Pr

or in decibel notation

: ' ) P (watts) R
Lgp = 10log ——— =’ PT..(dbw),\‘ PR (dbw)
. R {watts) . . :

The toul transmission 1o8s for

terms (in decibel notatmn) as follown

,L;Liofx.ix‘LC;i.A-G

ia which

free space loss b

isotrapic s (db);

.?"
é°
w

(o
®-
"

scatter loss in db below free lpu:e betveen broad be‘-m

s, & funct _g scatter ¢-m¢-p dy a.mlfnqunm f:
L, = uperture -medium cuupung loss, xmpomnt for very DATTOW.

beam s and large scatter di (db);

La

ohmic losses of feeders, ﬁltex;l. diplexers, etc. (db);
Gr.Gg - * plane wave antenna gains with respect to an isotropic
‘ radiator (db); »

dﬂvirllty gain, dus to use ol’ several ordnrl of dlvority.

Gp

giving a lhm in modu.n -lpﬂ (d.b);

system may be considered due to geveral :

(M

(3)

e

The quantity i;;o BN Ls would correspond to his ba

fading Iactur mealured with respect to the’ medxan v;lue (db).

.
=}
" -

consists of a slow fading factor Fy (due to uu!nbunon of hourly -
median va\ue.) and a fast-fading factor Fg¢ {due to short term

fading within an hour).

T};ese terms of equation (3) will be discussed further preseﬁﬂy. The

quantaty v Gt + GR - Lo would correspond to Norton's "p.ath gain Gp“'-

transmission loss

betwe«n isotropic antennas Ly

We shau 5 below. Theu were

. o:btained‘ by analysis of data from several Sourcel The data for ‘the mosl

i)an give d.'\stribun'énx of Hourly median vilues of Pp for known values of

Pr. d, L, and Gr and Gg. In this case distribtuions of Ly hourly

medxan values may be obtained from (3) thh FT = F', -GD = 0db :nd
:alculauom made for Lfo and L. The appropnate value- o! d are

determmed from puh yromu. o " i

Assuming the elnmned curves of L. vs dg th\n d-nved. lylum
performuxce of other circuits may “be predxcted by the use of (3) The
performance may be depicted by curves o( Py ve d nd. by compsnn‘ g
nluln with nquned recewed power. maximum range or mu'gm fora-

ngen range may be determinod.

We -uu be interested in esti d perf in t.hru [ {

climatic areas, the Arctic, nmpento dehmudea. and ﬂ;e ‘!‘-e,..ca. For

i
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- thess areas we shall give estimates of line-of-sight distances and Ehe’nc:;zet }

losses, leading to overall system transmission losses.

2. REFRACTIVE INDEX PROFILES AND LINE-OF -SIGHT DISTANCES ‘do

Refractive-index profiles may be used to. eltini te the radio line-of-

sight distances dT. dp and do by methodl gwen in Appendxx A. The

‘ profiles may be those based upon weather balloon soundings o7 on ot.her

asaumed profiles. Using actual Weatner Bureau data of Ratner ¢

are used to obtain do by a p:ece-wzse su.mm.mon of mcrementa.l line-of-

!.he

: ngnw terms. T}:z,

. ’vnlue of do may be calculated by an appronmate mtegnl.
o R The mdex prof.\les are shown in Append:.x A. The resuln.ng hne—of—

" » . sight val\au of d, are » shown in Figure l ior a grm.md antenna helgh! o! -

100 ft. Also shown in Fxgure 1 is the curve of AFCRC. it is understood u:a

lh:u cvrve is based* upon dp (or dn) in miles = ,/khﬁ where hﬁ nt.be

altitude in teet. The vl.lue of k was 2 at the surfa_e (4/3 eanh) l 5 at

60, 000 feet l.nd appraznmtely 1.75 at 30,000 feet and lmbﬁwhly u:urpru-M

in b-twoen.

!.n final curves of pr‘du:ted periormanca. the une-ef-ught cum- o(

"Arcuc" “M:dhdtudu“ ud "Tropics' are uudh:

Figure 1 hbened
values of dy ;ppropnne to chose regnou. To be noted is an xrnponm ERE »

dmannce in dg, especially at high dntudu. ior the various regions.

+ E. J. Martin, AFCRC, private nonrmiuni‘cuiu.vv’ -

et s
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3 ssmau\rs.s OF L, vs. d',

Our elhmated curves of scatter loss for broad beam antennas Lg vs the

scatter distance dg well beyond horizon for antennas on the suriue are givea

in Figure 2. The curves give the hourly median values of Lg exceeded for

50, 90, 99, 99.9 and 99.99% of the hours of a year. They are based largely

upon Lincola Laboratory 400 mc data3 and thus are assumed applicable for .

Midlatitudes. The data were analyzed as uuggened above and outlined in

‘ppemhx B, vxth due account given to terraiu profiie near the terminals and

aperturc-med.\um coupling losses. Oﬂner data 'rvom RCA, CRPL, BTL and

) Syracuse were omployed in makmg our estunatcl.

In our analysis of the data. we conclude that there is a irequency

dependence of Ly in that Lg increases a..cordxng to the first pover o(

{reqwem:y, so that Lg 18 10 db }nghu at 4000 mc ‘than our curves at 400 me.’

This assumption was recenﬂy subslannated by Chxshoim et d‘ of Lincoln

! Labonto:y in comparing signal levels at 400 and 2000 mc on 188 and 350

mile pat!u; . A frequency dependence was put forth by Bulunms (y
reference to his Figure 2). o »

& ot
vaius

A comparison may be made b our estimated yearly
of Ly vs dg curves with those of others which have been published. As

mentioned above, Bullington's curvu5 show a fzaq y dep g

to the first power of f, as do ours. However, his distance dependency varias

with 4, such that each doubling of distance increases Ly by 18db. His

values of L, ationger distances are rauch less than ours. The curve of

n

i

e oo g e i e A5
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Gerke® 1 no fr ‘, y depend and a slope of about 12 b per
100 miles. Norton's’ empirical curve assumes no frequency dependence

and at 600 miles his value is less than ours. The curvei of Mellen et ;ls\,

10 ghow no frequency dependence.

Morrqu. and the winter values of Altman
The curve of Davidson and Poté!! is similar to that of Gerks but has a
slope of 13 db per 100 mih%.s; the \:aluel at 100 x;ﬁleu are identical at 57 db
below free space. Davidson and Poté state the rate may bevan low ;l 11 v/
106 miles in semi-tropical, over-water paths and ‘asvhi‘gh as 15 db/100 miles -

for dry arctic conditions, the value at 100 miles possibly varying with the

attenuation, Their curve is frequency independent.,

RCA's curve? uses values ofi Ly 6db greater than Eu’lling'wn"n' and
correapondﬁ tothe highest expected monthly median losses. - Their é!ﬁmzie

is also frequency independent.

In the 300-400 mc region; all of our curves ngr.ee within three ‘dbin | .

the 200-350 rnile distance. range.

A s.et gf four estimates of L, vs d, is thown for com‘ptrispd‘ in .. k
Figure 3. » Shown are Bulhngt:n" curve for 300 mc ‘(deri.ved from his -
Figure 2 of reference 5), éﬁ;& of h‘gm‘g et al tﬁicﬂ of lfternoon hours
(derived from their emp‘iritéal curve of Ly, - lb log dgm -'20‘ log fme -

vs d . dp - dr, Eigure 7 of reference 7) and that of Geﬂu (Aerived (rom: L

i

I

his ﬁgur,é 2, of reference 6). ‘Also shown unlabelled is our curve for !

/

400 mc. These estimates apply to Midlatitudes. .

FER————
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In uumrqiry, our estimates of L, vs d, give values of ‘L, which apply:. » i S !“ )

e R et i

—
"o

T e T T
ISt AV B St 10 e st s 1

oo

A

for broad beam ﬁlenhal. L

b} for an hourly median value exceeded 50% of the hours of 2 year,

c) for temperate midlatitude regions,

d) for antennas onthe lurﬁce {d=4,),

e) for 400 mc (Egures 2 and 3); for other frequencies, say 400-

4000 me, add 10 log froc - 26 db,

f) for dy exceeding about 50 miles.

5

' 4. LONG- TERM FADING FACTOR F

Esnmated hourly or long term rhstnbunom of the hourly medun value -’

of Lg- are shown in Figure 4 for various scaiter distances d, The

d.istriibutionl ue db Gaussian.'

The estimated hourly distributions of the slow fading factor or fading

depth fl i.e. the departure of Lg for a given percentage of the hours from DI

the median value, are shown in Figure 5. The distributions of F, are also’

3

L db Gauuna.n Note that the values of Fq decreue with mcreasmg distance

i . R
E for a ngen percentage of the hours, ‘as observed ex‘penmentany on ‘the - P
{

‘S !..mcoln Lahm-atory zest cutmu

. The lcntter ﬂinwu:e dependency of F, fora given fading putentage'

bt

(long term relubzhty) is shown in Ere 6. Beyond 150 xmlel, the vahal

of Fy derrean wnh mcreumg d, appronma:,.y ucord.m‘ to lo; 4.
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iy

e distri h tions differ lrnm those of Gerks (his Fxgure 4of

reference 6) in !!\a! hil distributions are independent of distance. The curves

9 and Altman!® ‘show a decreasing slow-fading

depth with distance.

X 5 SHORT TERM OR FAST FADING FACTOR Fg

For smg\e antennas, the fading for short penods of time (less than an

hour) is Rayleigh distributed. - When more :ha.n one stage of divernty 1s used

the iast £admg iactor Fy is decreased and t‘:ere is an mcreased s.hxit in I.hs

median value; oF éxvetsu:y gam. Gp. - For inc reasmg order of diversity,

the instantaneous dxstnbunous ﬂatten cut from lhe Raylexgh dxstnbutwn and

o

become moTe nea,rly db Gausna.n.

13

Fur combmer diversity, we use the curves of Staras wmch are

nhght!y different irom those of Mack“ The resulu are ﬁhown in Fxg

: (or n=1,2and 4 Ior distributions ol szgnal-w-nmse referred to !.he median

value for n = l. Shown are values of diversity gm Gp (4 db) and . 1-“ (M 5 db)

for ‘n =2, 99. %.

6. TOTAL FADING RANGE Fp (RELIABILITY) -

The dutnbununa o! signal-to-noise for fast hdxng become more nearly

. lo; normal or db Gausnu as the order n of dxvernty increases. A,numg

the hlg fading to be log normal, we obtain the total fading factor F-l-x /F + l-‘f

:wiure sach of the F factors arein db. The curves of Fp resulting from use .

9

e a1
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.of Fg in Fxgure 5 and [ox Z-luge combiner diversity are shown in :

Figure g . "The dxvernty gam Gp is then 4 db.

02 0.1 0.08

7. APERTURE-MEDIUM COUPLING LOSS, Lc

The phenomenon and estimates of aperture-medium coupling loss  L¢

were pointed out by Booker and deBettencoun!S for narrow beam anten as.

are narrower than the scatte ring polar

: d:agram The values of Lc are more 1mpcrtant the gr ater the mstanc

beyond honzon (dg) andthe narrower the beamn ang&e. (Gﬁ) cf the antenaas.

Their ‘estimates assumed scattering parameter was constant with height,

scattering was isotropic, and that antennas had idenﬁcal conical beams.

‘They guessed their estimate mxght result in too large a value for Lc- Since -

FIGURE - 8

'.hen. iunher app roximate calcu.\in'oxis were made by us assuming 2 scatiers

ing parameter varying with he1ght h accordmg to h Z' with isotropic

-ca.tter. The results gave substa.nnany lo\ver va\ues of Lc a.lthougl; the

B _ general trends with dg andcX were prenrved In d:acussionl'wit.h Sta:'n.

- he dilcuued =nensiom of the originai Bonuer-ue%at..r—. ourt v-ork © include :‘

lm-o!rop:c turbulent scattering and scaiter pai'neter varying mvenely

" with sqv\re of height. The work was publuhed recendy 16, Hc poin’ td out

that his rneLhod Ll!own entmntel of Lc tobe made for dissimilar antensas.

Surn‘ buxc curves ue |hovm in gure 9 . Separate curves are given

ior the loss due to vertxnl beam dimersion !‘f-v and herh.onul dimension -

LCH' The curve L:v is a i\mnhon of the q\unuty (Oo/q °)V where

g

I Dec! . C w5 -
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Similarly, the loss associat
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RIS RN P

and 3, 1§ t.aken as lhe e[(ecnve earth radius (5230 miles for

uty oy i% rclated to the vertical beam’ und!.hl

esly and X oy of aﬁtennas 1and2 according to

(c(,,v) - (a, 12t

ed with the horizontal dimension Lcy isa

function of the q\.arr.'y ’:(Baiﬁ(ci},_ " wnere T is the anisotropy parameter.
The total loss Lc in dbis the sum of ch and LCH each in‘db.

For r = ll3. Figure 9 may be tedrawnfas shown in szure 10, :
where L 183 function of (0/% )y and Lcy 182 function of

»A(GO{O(Q)H. -
dentical paraholmdal bea.m antennas, Curves 'Ec'r various

Assummg identical
were dra.wn and are shown in F:&‘re ll . Note the values

where 2g is the beam argle

estimates of L¢

of Lc are plntted agamst eolot not eolao.
(here & 5 = 0. 7070{ ). The dashed curve is the original Bookzr-dzneﬁcncoun

' estimate ior uotropxc turbulent scatte rmg and :ca.nenng parameter cousnn

with height. The solid curveo apply for a scanenng parameter nrym;
mve"ely with he:ght tquued ‘he solid curves show the effect of anistropy-’

The expenmenm evxdence nemn m md:cne that v <l

The curves mdxc;te that the usumption of height dependence of scatter=

mg puuneter c!rongly influences the resultant value of L¢. a8 mentioned
was A\w noted recenﬁy by Wnermn" in discussions.

belore .. This point

Approved for Release @ 50-Yr 2014/03/04 C\A-
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For our pnrpo.ul we -ha.ll assume now the estimates of L. given by
SP varying with h° 2! and r =1/3 For identical seam anbems we would
use the solid curve o! Figure 11 labeled r H 1/3. For dissimilar antennas

we use the curves of Iﬁgure 10 .

8. ANTENNA FEEDER. FILTER AND DIPLEXER LOSSES, Ly

l.n ground-to g*ound troposphenc scamr arcu;tl. expeTience seemsto
indicate that shmic L,s:e: in & typical instailation ﬁul are given ap;z*-ﬂ-

mately by LA.{éb)' = 5log £ -10 above 100 mc. At400mcth:gron:d

s}st.em is assumed to ha\e 2 loss LA 3 db.

We da not hzve as much emneme w:** au':m-ue systems. We shall =

assume Ly herembeBdh. nowever, for!-Mm:

9_. REQUM R:.C;.D'..D POV&'ER AND MAJC{MUM AOTAL LO§ L

For an SSB tysum with 4 ke chanme} hn.ndw:aﬂ: the xe:ezved youer
re.,...red mybe unmned Az r.m.s. ugml-ta-r m.s. noise pvex rnu

of 10 cb is usumed. whence noise pem u:eed r.m.s. .x:nau W.ﬁolth

i time. Then received power uqmted is PR {dbw) = NF {db) : 204 +10l0g B

*N— where h? is recewer ms:ﬁgu:e.ndh Forlmueﬁgnreo! db
]
nwt)mc.thenqmmdpowrn 5- zousum: -ISBdbw Thereﬂexnd

pwer-nnh;wheqmloxe::eedmsvnmtoohuﬂu reqmredqmryd

voice mem

Agun x!ntmnmuerpour Pr dloh(wwxnuuum

maximum allswable total tnnnnunu losa is' 40 -(-IS!) or 153 db. Fora -
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“"1.kw (30 dbw) transmitter jower, the sracmum allowable lois is 163 db.

iv. PREDICTED LOSSES IN OTHEK CLDAA"'!C xmxows

It 16 assumed that the naurly median value of Ly exzeedec 50% of the

houre in a year (vearly medan) ior the arctic corresponds 1o ihe winter

medizn value of L. for Midlatitudes. The winter median value ioz MWid-

latitudes, based on Lancolz Latoratory dala, is & value exceeded approx-

mately 80% of the hours of the vear.. Hence an estimate of the medias vilue

for 2 year for the Arctic tnav be itzized by 28dizz o the Midlatitude vilves

of 'Ls the velues of Fg ex:_eédti: 505 of the hours.

In a similar fashoon, it is assuwmed that the vearly .meé;u value of

'i.‘nchouri)‘ medias vaiue of Ly m’&e 'I*a;n.cs is om:reébv m

Ty cneeded%‘ipof:hew.n irom mmﬂmﬁzxﬁmo! ,L,.

The results are iloltec 1= the curves of :., ve ¢, iz Figeze 12 .', :

nhonngthecompnm of Ly rh..:.nrz::eu_m exceeded wﬂdmwa

of the year ior the Tmpct. wﬂmsmw :epn-l

'lemawu'eoiwmeo‘!m 2k nim , P Ho'-‘

ever, we are emphasinrg the reiwnso.(hi;hulh&hrg n;uh nxh:t&l

levels of importance iz emmuq z::er{erenr.e potential, Th.s mcans len.l.s

mm%.ﬁmmrpmead&mamnum

1

il

the influences of super refraction, ducting, etc. are less important relat:veily,

A more exacting analysis would be that of correlating uinciivify ;nﬂiem
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near the surface 1eny b ,ndunl for ﬁnz Kiometer ol beight) with scaiier

loss Ionovmg methods ol Beu and Mnm s Tbere are ot.ber correlations -

being studied the resuits ol which are not )'e& availabie. Lacking correlative ’

measurements with signal loss in other Ciimatic areas we shall {oliow our

initial ulum}t.iou._'

Tte next .mpomsx assmp‘m $ zre t!.me Tegardang slcw fading httqr

© Fg and fast Lading factor ? icr the Archic and Tm;u: ' We assume thew 0

be the same in all three !le@;!‘ The usz:;&:‘w: appears reasomztle for the

fae1 ‘.aczn- fzr.:ar '?{. The valigity of '*e usv:z 3s for Foois opes 10 the

eame s:-'z of argument given :tcre 'egimg L

e p‘o:eed 20w 10 esmizmate ke botriy ..M:.n valde ci Tasic irans-

B maesicn los Ly ‘::e'wec:: 185T7CHC axtezzis exceeded isr various ?e:tem;es

.o!ﬂahatuol;yur wr:hzurn w;:.o..s. T‘..z ren;.uueshonum

curves of F:r-.;res 4, 1% xnd it ic e Ascdc; M.dlu:mnu. apd Tropua

: respectively, Fizure 13 :c:z:;ares 0% rehxkhr; curves iex these 3 ccm;

!xm:yheo!xnu:enm.o-:pnwmnrymenémmﬁmwe- ; n ;

&cted:urven. Oalxn-lyAreuszh. meisurements were mukduu.th

g e

. mm of Mu':h 1937, with surisce um;ex;ruu -2° -)'.‘ Fi- Ou L

hundred hours of uchl uu- were ohuud. m ar::ax couhm vne

6 cedm S 2 ‘-‘uou‘

% 73m o GpeGyx 28¢babove isotrope
B e TR : T 88 ariledn

Ppe WKW UCDw L,k z,sa

:

* E. J. Martin, AFCRC, pnnucemd:ma mm-.nuh.u‘n
!hcoup-muonoﬂ.uxohhhan. MLT. O

,,Mv..\“
S
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The hourly median received power was <136.5 dbm and

Lo =L -Lyg - o A S

" The basic transmssion loss L, be

are iess than foT the ye2

System Design Studies. Thn results are given in Sccuon m-B.v‘ S

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04

-138.9 dum exceeded

50‘].‘nd 99% of the hours of the month, renpecﬁvely. Thu; themtallra;:l
mission losses (L) were 204.0 and 206 .4 db respectively. ‘.
Le (fa.- r= 1!3) js calculated to be 2.0 db (%X = ‘LZKID 6.3 rad =5.7°,
éo = 570/5280 = 0. 108 rad, 6 /{=1.08). Free space loss between 150~
tropic antennas is 36.6 + 20 log 420 20 log 698 = 146.0 dv. Hewce

=109 3 '

x.wee'\ 45011’0ch Zﬂt anas 15 then calcu-

. lated to be 258.0 a.rQ 260.4 db exceeded 50‘.’; and G9;; of the hours respec-

-~ tively. 1 one plou these values of Lb on the curves of Fzgun 14 the

agrecment may be consxdereu good. We should reme.nber that L{imh isa

weak month wnh lower mon-.hly nedsa.z: than iar the year and F dcp!hs

éee e.g. Bell ’Ielenhune Labs. data Inr

“as

ttan £ the vear

Newfoundland 505 mc circwts, October 1955, Pmce_edigg- IRE)

"11. HEIGHT GAIN

Eredlcted values of he1g“2 gun Gy may be maie in that the trans-

mission Joss at very high altitude will be less than those on the -urh:c.

fora ngen total transmission distance d. The methcd would fnl.lov du!

‘ given in Appendix C and vculd give hwrly mednn values for various

percenugn of hours of t.he year.'

However, we pxeier to per!orm wch calculat mu- adi

Andvdecin‘on on probahle system pAerete rs pven 1n the next Sectionon

in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 - GIA-RDP
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12. OBSTRUCTIONS, SITING AND OBSTACLE GAIN - - o

ir:aiior.-. ;Tilsai’f.:.. y iz

some respects than poini-10-point scatier TOMmMT
the Arctic because communication is Gesired with ome termiral whick is

moving rapidly in rang: and azimuth. In some areas it will de a formidable

‘task indeed to find a site iree of foregrousd obstruction at all amnuths.

However, ‘every effor: must be made W do so It is ezsy %o ;Ev thar i
there: is an obstruction nanng an clevation ef van:n’e local hor'm:. thesn ! '.
this is eqmva.lem to increasing '*e sca’te. dstance br ?Ze zmles. for. .
small e!cvmon angles 1f zhe obstruction s l‘ 'mgh this amounts o a i

92 mile mcrczse, or ;nzxroxzma!en ar adéitionai ioss of 10 db (ée;aend:n; i

on :ca.mr loss attenuation n.:e).

In som.e cz.s‘es. a trae oostacle gain may be encountered mvoxé;hly -
This study has not .ncluded a ae!.a!eo .aquzy in%0 uae mb)e:: for chrecl

appiication but tech;’:q—aes Have been owtlined for calc;‘. '*ebsucle X

gain® 19.20




The mmimum delecuble l‘igm] of ;n)' s','vﬂcm is getermined in part
‘by the ratio of the available ngnal power to noise POWET al lhe input termi
nals of the receiver, Iz addmom practical receivers deteriorate the avai=

_able received S/N due to the contribution of noise power in the receiver

input stages. Since itis convenient 0 refer all'rf noi-e power to a common

poi‘vii,' the receiver iaput, t of anerml noise is co-r.axaed with ‘he
receiver ncise Lg,re to prm de an Eqmvuent noise bgure’ (Fgi. such

’ that the noise power generaled bv the rece.ver is’ F— KT Af

vwhere A o it
Kelvm (’88 K = room te:r.perzt.xre)

R
"

K ‘= Boltzman consta.nt (l 38 x 107 23)

. Af = B_andmplt.h of rgceivez (cpu) :

) ‘Nouc ﬁguren of b.xgh ty mpat circuits have been pven as varymg be-.

. 'b. Eu.e 17*shows what can be achxeved using zm\mdzd
gnd planar lnodea WEHGB below 900 mc and special crystal diode xmnn

abave 1000 mc. Figure l'r shnvl typicai recexver coise Egure in :nnft

j 2. sxrm.u.noxss R L
The sources of enenul noise are: v

l) man rnAd.e such as duthcmy. xgmuon. arc muw;e. eic.

] terrpnr‘ul". PO

. 3) extra urr‘goi;iu

: e e e+ oSSt
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,shown.n“w-‘.e i ang i€ 2

~ MAN MADE NOISE ~

The int:nsity of man madc noise 1s 80 variasie i HE-H ',acn.ah

t0 be specific. . lnie noise from anv s.ngle source is &ificat to Predice,
but it is usually possibic wo an the stelior 89 a8 10 avoid the SiLg.e DnOisE
source entirely.

In urban areas there are so manmy fonimbueting ouise sourtes that

the received noise power has characieristics similar 1o thermal moise. :

Precucuon of man made mise must be tased on emmycal cata ratker

‘gene.'as :nag:.tm and 1.‘&0 2eniyv G’;S.-.b«A_OE o LLE yoe 0. onse iz

' 4

st Sicztive o:' "—-‘r.zz :.‘3)- ‘>¢ expeciec of antenzas -
of medium gain. It is Dest 10 altem e'::rmnau x.he e.{eu o1 thus type

{ aoise by ioc. .!xnﬁ g'o’—’z: Tecelv: ng &nlenIas in Tural afeas abd by

! pzyiz-.g M—tiaala:— &ttertion to other ground sitirg reqmrementa.’

4. TERRESTRIAL NOISE . -

Ths noise is ucuau\' generated by hgnm; ducurgu in :hmder-

. nom.l. munly in the tromcs u:i is propacatsd by rep.hr mnoqnenc

-transmission. . The noise levei is thereiore dependent or frequenty,

diurnal, seasonal, ;eo;np.':.: aad meteorolopic faciors.

At h'equencie. ;bm?e the MUF {30 - 40 mC) terrestnai radio no-se

disappears and radio noise emanating from extra terrestrial sources - %0

Declassified in Part - Sanitized éopy Approved for Release @ 50-Yr 2014/03/04 : CIA-RDP81-01043R002400130008-9
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. 4 salse ® & factor i eo . st . - 1be $un'is above Jn norizos and at low e:leru.rfc icr s -:omaocnnz

z“,u' : pomnn of the summer Gay. ' 1 :s therefore i portam o estimate now

serious th. mzerfereuce tar we. Seolay e se o can be Avided 1O FlealT

By tion the term cosmic noisd includes both solar and mlsctic
components which aTe presem ali Wt LIne auC eTTRLL componeris of
notse.

high intensity whach oLur guring Wslurbed conwhuns.

Incomglets : ‘d !hzcon-. . hGCkgf, ) o § ) . The steady component \gael sim) Tonsists of 3 corsteat et
surveys tEanpu round radiation from .
fat !‘:‘n space havol made ad usve estahliched that the nsice is tomponen and 2 SIOWY VEINIIf COmpOnen: Noise from & Sistrbed

1 vt

3 ¢ . 5 B . - X : )
mot : nwrt&i 1 1 . . S : o B v, . - s

When the amenmz bearm o5 por2ted directlr &t the sum e effective

Itis 'wk.ent at tho 5alut£: pelcl "bng’:.za;’." a2 t?:.s c%- Lé&,m

md'krid::‘ﬂnagu‘aagmh:ﬁceguur&ﬁi&kywsf) m&zm‘:m-

! : R ﬁmmu-mmmhemmmecpmmumcdwﬁﬁlzrﬁsu.&m

s mdwdumzicmcpmrdnpmﬁsumm.mmmm- i ]
ﬁﬂ-‘Y " This cosmic noise has characteristics similar to.thermal o “ ' vae: t‘.:en ibe anﬁzma “bearn is oot :o::u:e:i :’:}.—ez:ir a1 the sum, Doise
lﬂdilﬂn & e of noise at ieol ’( ”mmm - '7.' emer‘ngmenazaobesmi\ su..z;a....o’zcse.- .d-t - )

The Shation to the effoctive noise fgure is small, msﬁbtm

8. AUkORA -

i e ereted o e g oone of e gl e, ’ '
et . : : o : S ’ k Thereuapsnhh'r:humewxonmrmam.n.zﬁew

band. There &
‘. RADIO STARS There has e e
detailed evidence is availatle, evaluatom is not possibie. 1t is evidest

The noise mﬁn;!mmndiom-um“ dGcam for frequenci

. . 3 4 ir . ise power is ot sigmi-
2 3°Q~me evea for the most i : Cassl pai {rom work Tep at lower ireg es &t noise ;nver ] ng'
"/ L . R A L IO ‘Ixcmudhecemec less unponm as the .reqwacv is raised.
H : mmhnummodmm humnlmm L.
. ; u

- e ——————
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LD INTENSITY AT C 2/ S50ce0d .

“ D, LOW AND VERY-LOW FREQUENCY TRANSMISSION

T ]

Q itative experi tal information about a.ir-w_-gicund and ground- -

RN SN S

R - to-air radio propagation in the low irequencies and very-low {requencies is

8 80838

rather.limited. Unless the data are coilected with well calibrated and

standardized instruments, they are difficult to correlate and analyze, and

. courrolled experiments, on'a scale large enough o be of interest, are ex- : \ ; y i { oo

; pensive. However, experience gained since World War H in the develog- o /

sting of kigh power

transmitting stations has served to check the earlier empirical and thesreti-

“cal relationships for ground-wave and sky-wave propagation.
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input power of 100 kw) a.m:g the A.aska:: and Canadian-coast of the Arctic

Ocean dcmmutrated the e:’.‘zc.s of goetic 2nd i ‘L ic activity and

of the Xov canducnvry o! the ‘rozr_u m..skzg an sky wave and sround-nve

- differe

rent e ﬂrﬁ msuM

pmpagannn. . F;eld mzenaxty and pm;agaaen time

" on mny flight usn. some to ranges of 1400 nnz:m:al xmle:. and at seven

" maonitor ln&mns 1. various duzancei out to nearly KOQ aautical :mlu ixom

0

n

the trunmm:ng station. Comparnon between the obszmd varistion of Mih

/AR 2\ VI
W/ T

ground-vnve field xnunuty with distance and the theoretical vunnna yxe!ds

I

- avalue of 2 m 4x 10'“ electro-magnetic units for the ground conducmnty of 3

f‘ﬁ

the muskeg.  This ucomﬁ for tl;ae unusually rapid ion of the ground-:

wave eignal in the Arctic nginn. A Ty of the g d and sky-

T MIELD MITZHDITY W BILLIVOLTDATSTEN FOR KRGO MILLIVOLTS/METER AT | W QLE

' '\nvo Beld muumeo is pnn n han lﬁ n vhlch the rst-hop and ncmil

hop sky-wave Eeld intensities for cosine o( the sun's senith distance equal to -

.:“




) -0 5 were ’lhmﬂl:d for ﬁeld mlcn.mu and time dxﬂcre:»ce« m-uuxei at :he

M nngﬂ ol predamxmm sky-w.ve .

grotmd monitor stations and in. .’hghl.

field intensity and lhry-v’.vc

propagation (more than 200 or 300 miles) the
propagation time were found to correlate well with !l'.e. cosine of the sw.'s
zenith distance. Anempu to ;or‘ekale auroral achvu) and geomagnzuc dis-

turbances vnth the observed field :ntensities indicate that :hey have little eﬂecl.

and if anything, they tend to enhance sky-wave propagation at this frequency.

In 1950 the Air l-‘orce22 tselix'.m:a tran;rr‘tti‘nz ;utior. at Alhire. Ne" :
Jersey, operaung at 100 ke and ramaung 800 wats of r.mmoud.wd carrmier
power. Qver a period of nearly 3 year, ng:nal and wise field :ntemnts we;e ol
measured at six ground monitor sunoni with a maximum range of 2200 sautical
miles and on 13 flight tests. - From these measurements the reflection -oeLﬁ-y :
cient was determmed asa functxon of the sun ‘s u:ut.b diszance .o; various u;lu
of incidence upon the wnosphere. For inc:i d:nx argles oi more than tb! :

A average day and mght reflection coeiﬁc*em: were found to be 0.15 and 3. 6-
renpecuvely. From these valuu of reﬂecunn coe ﬁcxem and an ununed ‘l‘lﬂlll
. conducmntv the amux;; -wave and tkv-nve field mennnel of Fxgnre 19 for (‘.sy»
time and Figure 20 for ughmme were derived. Auempl to carrelﬂe the obser-
vations with geomagnetic K character figures and vrnh !he 1 character B‘nres of

ionospheric storminess inditated that at this lo' (requu:y the absor;noa is not

.significantly changed by xononphenc or geomagneuc activity. - There s an indica-

ticn, however, that sutde nasphenc dumbuce- do Apprecuhly increase thc

mnonphenc reflecticn coe(ﬁcun&. i ST

Some information on radio propnganon at very low {requencies was obtained

ona Navy lpnocred luneyn of noise and field intensities of signals radiated'
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from the Bmuh station GBR at Rugby (lo kr). from the Annapohs. Vln-fla.nd
station NSS (19 kc) and {from the Manon. Muuchuun- station A"AZ (Z‘ SZ sc)

Field intensities were measured in Newfoundlar.d, Iceland, Ireland, Germany

and French }norucco, and on a Naval aircraft, The results arein gqod agree-
ment with a recent empirical study of inw fréguency propagat;on“. They
indicate, hovev.r, ihal the gmund‘»or.d\...u\ ty at points of reflection from . '
the earth strongly efiect the received field ir.z‘ensx!\;" Landvmautn‘ of low
‘cqnductivi‘ty such as Labra;‘ior-‘and the ice caps of Gregnlznd caune’l.‘mﬁ of ) :

6 or 8 decibels per reﬁectiémf The results of the flight measurements showed

Lhal the field .mensm' observed at any .one time and p.a:e is ,argel\ dependent:

qan the vector acdnior: of the g:oux:d-wave znd sky-wave :ompnnem.s.

Similar airborne measurements of the field intezsities of signais from

Jim Creek; Washington, at 19 kc and {rom Haiku in Hawaii at 40 ke have

récently been reportedz“. fl’hese results wefe obzzined r::ohly from daytime

ﬂxghn ovey the Pacxﬁc

thle the available minrmuou aboux low and very- low irequency prop‘-

. gationis Lumted to ground to- ground and grouad-io-air observaticns, air-to-

ground communication may be feuib&e for some applicuiom. Sor.\e‘o! l.hc
advantage- of this lrequency mge are that the amennu are euennllly omm-~
dxrecnonu ground wave ard sky-wave propagation :hanc:enlnn are ex:.l
lent, elpec‘ully over waler, and propagation is not adveuely eﬂ‘ected byn
auroral or geomngneu- achvlty The diudmuges are that nl.her !n;h po\nr'

‘s renuired to overcome .\tm.uphunc noise, !.he tmsrmmn; antenna is nvl~

ward and the bandwidth 18 limited to a kilocycle or so. ‘
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- E. HIGH FREQUENCIES

1.. REGULAR LAYER HF PROPAGATION
Transmission loss computations for HF reguiar layer propagation can
be made using standard prediction techniques outlined in NBS circuiar 462,

Signal Corps Radio Propagation Unit Reports, and similar sources.:

However, the low reliability of such propagatioa in the Arctic Auroral

B : 2 N . . o BT a
zone is well know*n"6 and makes one conclude sach prT vp¢'5aﬁvﬂ is insuffi-
ciently reliable for USAF air-ground use. Itis dseful some of the time

‘and may be the E:nly means available for long range communication, aibeit
[ S K : .
unreliible in the Arctic,

2. OTHER POSSIBLE HF MECHANISMS HF BACKSCATTER

If the communication requirement can accept a ungle 3% wide chumel

with opernou at botis 'ermmah to check erron. there isa ponnbxhty of e

\umg h\gh frequency circuits. Such a system will .Tequire at least one ter-
minal to use more complex eqmpmcnt than normal, x{ relnble :ommumcl-
!io:sg e to be uabluhed at any range and time. Hovever, many techniques

have been established which have neither been widely adopted nor ‘mmulm-

eously applied, Two such HF techniquén are reviewed h-ro‘.

To rehlbly establish a circuit to a remote mobxle pomt by high fﬂquoncy :

techmquu, itisa requxrement that the correct openung frequency and best

propagation mode be known to 3 much better degree than is uouﬂy true.

9
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Two factors.influence any communications-from the United States to more:.

northern poimxl:

the erratic nature of sporadic E-layers, uﬁ the high ab-

sorption due to auroral zone.effects.

F-layer modes are attempted, or greatly enhance transmussion if E-layer
reflections are intentionaily utilized. The best way to insure that the correst

propagation mode is used 1510 make continuous ohlique {ncidence ionosphere

soundings in the direction of interest and with sounding systemn parameters

techniques, the best mode of prﬁpagauon and-the best of the available auigxi-

ed frequencxes can be continuaily known for any paxb :w( mx'luenced by aurortl

Transmission to points-it or, Dy means of multi- hop transmissions,

beyond the auroral zone, can be accomplished :if the r—_ngXe of the down coming
wave is such that it does not pasn through‘xhe Eand D ayers in the disturbed -

aumral area. This places a severe hmxtannn on the perremege of tim

" any fixed station with only a few assignéd { ies can icate to

given pomls in the Arctic b) means of gxeat c.\rcle routes. However. by g
e taking advantage of ground reﬁec(ed buk or side scatter transmissions, non-
‘:grelt circle communication Patha can be liCcomplished‘ ;' With the normal _‘

. HF lolward ground reﬂected wave, Apprecuhle energy is nllo lcattend :

at other thm forward directions.. The back.cnnered components are .

*" Much of-this data is due to a paper, "Some lonosphere Scatter Technigues, *
by D.A. Hedlund, L.C. Edwards, and W.A. Whitcraft of Raytheon Mfg.
Company, which was read at an IRE, PGAP Symponum held in Wuhmgton; :
D. C.. 15 Novemb.r 1955. .

- = - I e e— — —
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those normally used in obléque i’n:id;nce tonndilv:gluchni’que-. The loss
over the one hop F -layer forward wa-e and the one hop returned scatter is
not prohibitively high. A peak power of 400 watts at a one percent duty
cycle, 20 ke bandwidth and 10 to'15 db antenna gains will give usable ngnal

levels for sounding techniques. Experiments have demonstraud that a 400

tic Coast by usirg two hop propagation pathis via a surface reflection poiat -
well east by the two terminals. These expenmeuts used a surface pm‘nl

which fell along the perp rpendicular bxsecmr uf the basehne belweeu the two
stations, and {requencxes hlgh enough that obnque incidence soum‘Lngs du-
proved chances of normal propaganon modes.

also con.ﬁxmed the mode of propagition.

The back or ndescatter mode wc' id nlow much g-easer £reedum in

commumcaung througb the aaroral regions.” A suﬂlcxendy low a.ugle o( :

arrwal can be chosen by uuhzmg frequencxea —ear the MUF. and lnng two
hop paths. Il may well be possible to use more than one m-;reat cu'cle

scatter hop. If this be the case, any point in the arctic area could be

reached. COZI soﬁnding' cin be used to indicate the high absorption areas -

of the auroral zone for the first section of any particular transmission,

because little or no backscatter is received from these azimuths.

The equ\pment requxremenu of the bu:k-cntzr mode trm-munon.

are not more .complex dnn those o( most o&ct commumcunn systems .

watt, voice modulated signal is suiﬁcient between two points along the Atlan-

.nnsenni rotation expenmenn

ﬁ—:&ern@ah.m pti utbc 3

.3}

proposed for relizble long range circaits. Hich power trassmittors 20d bigh

gaingromdonuuman required. Boaueponihhadul..

qeip A'ubom‘,

as i ‘ut., pheric scatter
woald be no less feagible than in other systems. It wounld be decirabls thag
an-omnidirection sircraft anterna be used, bot some mmmm

by limiting the nm&ﬁmn&mw%w@esm&um

A mezas of v ty 3 “‘mm 4 frer s08 To=2d b2 FO-

<

er‘*ﬂ ot Gee 1 terminsl. Tee medism honipoes is oxtloicns for

bu. wcmudmeummdmmmmnm&. momuﬂn y

mdinhi@qeed
umetn&-pasmbzhty of equal maitipath nmhorw&neun

propagitioa tmu at dasiyrzpeuzdmrnh.

Toe wode of p ‘r gati c&ﬁwhiﬁsﬁf‘-ﬁuﬁm—
to & mobile st2ticn frem

ical area and pr idss a thod of

- zero rezge out to ceveral thoasand miles. It m‘.‘en&mumm,’.

ages: ni-wﬁnﬂmmifoteﬁplmlywmﬁmmﬂ@'-.

C°<'l-‘=' issimms. Tbiomeetmguim _‘

much redundancy is used, it reguires highiy ciilied . ope
nm-mu.mnnmmmnmmmm
coald be resdlly

_mdtmmdum:m annuu;mahhnmwd‘h

mﬂlywuxbpﬁﬁuuum, \| id
1% K Fy Hm“n 2 d1{ " Y '- di :u nge .
beyoad dstection by blique incid socndings caa interfers with many of
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I S thevintended:piﬂ»u. o;;ner ;ononph;re disturbances can ?reveﬁt reliable trans- T ‘ ‘ ‘ F. VHF XOhOSPi{ERIC A.\D ROPO;R:ERIC SuATTtR LG:SSE‘.‘S o
. miumm.’ the required control station high gain steerable antem_u arfay re- -' ’ ST ) 4 :
quires careful siting and large land areas. ’ : : 1. ESTIMATED "@Es
\ [ 3. Tropospheric Loss - : "
: The 360 mc data of Bulimgmns was ;ri_iuned to 30 me by reaucml
‘the loss in ratio of 50/30G = appr x:‘*a:e.. 8 db. This uoposyphenc’ scatter :
’ B loss is compared with if)ﬁ()‘s" heTic scatter loss ;t‘\’.‘.e "sa.r":.e. ‘:'tequc.ncy;, 50 mc , v
i:nﬁggrellL e Rty : LT AR BNt |
o » " : . . . B : ~ b Iom.)spher{c Lcn B
V Measured circuit losses were taken irom Ba.uev, Bateman and I

7

‘Kirl:ryZ . (Geograbb;:: and a..te..r.z data was taken lro.‘.’Ti_ble I, pag: 11!5‘ Coe

of this r'eferer.cef, No ane:r;;! was made o adjuutv'_hé maximum antenna’
gain values skown for gu- at eievation a.ngAe: otzer than the maximum.

- B Although a check of ac aal elevauon a;gln fcr an'85 kﬂometer layer héigm .

Iuncuon of the a:tul Lnu hexgnt The difference, iz any‘cue. will not
amount to more than a few decibels and, in view of the Xuge Path loss vari-
ations, seems unimportant. The Cedar Rapids - Sterlirg, An:ﬁon;e <

Barrow and Fargo - Churchuil links were used as rypical circuits. Received .. i !

power values for each path were ‘estimated from the "uuonal data.: Honv?t.,l B
comparison shows lhat the average seasonal data do not differ grudy from

the avtxup duly \mlu:- excepting the houu bemen 1000 and 1600

53

etk isbad oy |+
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150 miles Xen than ind:icated {from 635 o 485 .-r.iiesi at'200m, o peraaps
" 50 miles greater. Seasonal changes will cause aa additional 50 mile hang

Thua!hntoulnmnnoithe equal mean ngna.lpmtwu.nryhtveen‘

: between 82 db md 96 db for this cond.uon,

"7 Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 - CI A-RDP81-01043R00240013000

The three circuit scatter iosses we ~e found to be:

Sterling S e

Fargo . ’ 88 db

Anchorage 93 db

The curve was fited to the 93 db level below free space.

The curve of Figure 21 fo

r ionospheric scatter has & loss versus range

If Eckersley theory

which the tropospheric scatter curve crosses the ionospheric curve would be. .

about fifty miles greater. This d'u’."e.-‘e::e w11l e less than 100 miles for a. -

wide variation in assumed ‘scatter losses ,fn: the 700 o 300 mile cixuig;.

The daily vanations in the ionosph: wic circuit will cause the range at-

which the meaa ng;:.al equals the tropospheric ligﬁai o viry from pehaps

nnge of 435 m.:.leo to 735 xmlel ud the xonn-pbenc scatter lon will vu-y T N
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R g e i W o s

S T _ G: VHF METEORIC SCATTER

1. INTRODUCTION

Beiide; LF, HF and weak background VHF ionospher.c scatter modes
there is anoihez mode competing with UHF tropospheric scatter for air-
ground communications which requires evaluation. This mode is that of

VHF meteoric scatter.

.derabie reseﬁ.'xch 'being done in the field currently and

could ‘be advanced. Before this step is taken toward system design, the

relative merits of this propagaﬁox: .node vs UHF tropospheric scatter need_t

to be evaluated.

2. REVIEW OF THEORETICAL AND EXPERIMENTAL ASPECTS

" Before evaluating .!hev or burst t ission mode," Iet us out-

line the pertinent theoretical and experimental aspects of the field.

a. Nature of Meteor Burst lonization

" ‘When signals are transmitted over a path approximately 600 to 1100

miles long at frequencies exceeding the MUF, the received signals are weak

but omnipresent and ﬁoﬁeia characteristics of practical importauce to

5T

back- -camred echoee of type (b) are called lon;«duuuon echou. thc .

— £ - There i :
RO some of the theoretical and expenmertal nspects are reviewed in whal i
. followa. The field is one in which the state of the art is being continually
- advanced, and results require further study before use[ul system designs :

reh’a‘blve communication. The s;vgnah‘ cenmist o{.a background corﬂﬁn;nl‘

Plus ennancements of several variet:¢s, "}z transmission takes place via'

the E- regmn of the ionosphere, the \ne:k backgrourd signal being explained D ; |

by mroulcnce efiects on the iomzation present, whatever the cause, and %

the enhancements by this and other means, There are erhancements, where : ) g

the total level is raised for long periods of timp,k attributed to reflection .. » o 2
!

{rom sporadic E-clouds. Then there are the spiky, s'hup rising enhance-

ments due to.specular refiection irom ionized. :etnlmear colu_mnn or trails

caused by metcor impacl It is'wth these spiky enhancenems or meteoric' |
scattenng. that we shall be concerzed 'o' commun:cation over an ohhque-
ircidence ionospheric path..

" 'The meteoric enhancements are principally of two types: (a' those
which rise shaxply and decay eipoxienu’all\- :nto hackgr.ouzzd roise after a..

short time, in the ordex of coup\e vf seconds or len. and (b) !.hou ‘rlnch :

rise sharply a.nd after a few seconds fade uregularly wxux am}i.:tudel de-

cnumg into lhe bacxground noise. Most of the t..ec.'y and expenmea:a:aan N

has been concgnt.nted on echoes ‘of type (a). The t!;eory has developed from
that applicable to radar backsciuer;ng from the.‘ loni:ed tuilb to that for .
forward off-beam ccattenng from such trails. The ma)or difference in thele
two cases of sc;nenng is the echo duration, 1n w-hxch back-ulnered echoel

of type (a) last a few tenths of a second and are termed sbon duration echo“.

breaking up of the echo occurnn; after a few tenths of a -econd. CELE L

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 : CIA-RDP81-01043R002400130008-9




Generally, forward scattered echoes last much longer and are more imtense

than backscatered echoes.

b. The Radar (Backscattering) Case . -3} .
b : = 9.106x 10 Kiograms azd . : permeatlity of iree space = 4rx I077
The scattering of energy from a metcoric lonized trail at iono- ’ ’ :

amperes/meter.
spheric heights has been shown o be due to electrons rather ikan heavier ) :
_ions in the tni]l. If there is a line density of g ¢lecirons/meter, a tral ‘ ] B Compam; §4 ‘outh he senal fidar equation ior a radar “M area
is said to he underdense when g dense. Echoes - - - (o !ar the cn:.l one obca_r_ K - o . )
: o . - ey 28,29 ' X
of ty'pe (a) are explzined by the thecries of Loveil and Clegg™ " and 22 e - . -
- " i : T = 27,7  RYi sg. . o Ly
Herlofson0. For echoes of type (b); .the theory of Kaiser and Oc;sz‘: appiies - : ’ | )
for the initial interval for over-dense trails. ‘An explanztion or the fadi s i X = ’_'e; 2. sg. = )
= -  stfects thereafter is not ibmn‘*evael'\' &  wpom, & 3 thet ;o AL . .
. e ts th 3 i ¥ agreed upon. but @ very recext thedry of : k R i . A . .
i . C E i L B L 'tbere [ u&-»t,wzv'gc‘-m-_i izea of zz electron 5*':‘; . W'ZE wmp o\
Booker and Cohen>2 with experimertal data uses turbulesce for the explama-. . .. R S . SR P i A ¥
tion as opposed to az earlier specular refiection theory av Sshleman and o o . Fortnmﬂmguar of : :"_Zl-mmu:.‘:gnm s tarely vimble: g
Manning33.’ RO : - . : - Lo ‘m&m)tﬁ." a:e.zantyn.@ electrozs/m.  Thus, &e-am
; i i I o Rt . L iy ‘ 'cnuuzmm. r,mraz. muchnﬂdmtosmaw.smu‘q, : ')
% Lo ‘rheradu —-uuonioxra:e;vodm-pgp dnemg;cxscanemglmm : R
B eq R mnnw‘mn&nmecznr.éir:mmquiﬁm Sm:iaxza
. au underdense meteoric ionized trail, having ad:nnlv of qelecucnlln. s .
y i qdatmmtnhtm&lmxm&m‘mwgmm
i Pﬁ:zls 2 3 : S 14 ‘ : ‘may be detected. . . v » IR
o CPR T oroy 40 (5T wams g1t @
e T ;3R e . . o . ;
where. Pp = transmitter power, watts' 'mwmmw"mm”dmdmum-ha
- _ g . Kai 31
.G = identcal transmitter and receiver antenna gains over lettadClau tave thni:y bor ’n;h where g < 104% dm
S0 isotropie PN A Sy s meen o 9510 dectronsinn. ey saz Greesior™ tave shom
& L A = wavelength, meters . ° ) . o : : ST s “’W . . . : . .
' : ' i i : c Pra?d T S
R * slant range, meters ' . - . o SR : g Py = 1 T 1 o T
' o , . ) . . ) g g T 1 . . b
U S L R R AU A ‘v_! s e o o _,_h)i‘i_ “
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tqunon (4 g:v.u the peak received ;ﬁve: because the lzpmud trasl will o

immediately diffuse and ‘he vaive of Py wiii decrzase with time exponentially L " L. loss & .;:wr o‘g p:‘ itk 0 v
o “ately @ | i - ; G o : = =z 'es;nd Iree stTace

-t/T i : L | X Th .
as ¢ B where Tp 18 the dfcay §m¢ constart for aacucancr:.m;. o 2 Lo ‘ TF = echo durstion oz _@mfé uax:na;

For underdense trails Ty is given by : " . The free spice recesved power, Pp. 18

. ppGh2 SRR ;
Pp = 5 = SRR T tien
: 140 Ry v By L e o

Ty = A32e'D S g ety m

Cin which D is the d;.ﬁ.won coeim...en: (app-ax 3wl sec.). Thus .Té :

fo derdens i , bt dad t depead . ) i . -
varies.as \ r underdense trails e8 0o PC on: q ; » where RI i8 Xht, digtance {rorm tTenETLTET 7. 10 metear rail, M. asd xz

T T,

For the h.g.‘ density zuﬂs (~1 > 10“‘ the :‘.r.—a..-o ';32 i . . ) is the distzoce from the treil a2 M 1o the reteiver, R.

E ' L . R ’ ‘Anem:e Cias 1 e B e v frs : et :
Tp = const. qxz;s (q)i:o“) - @ T TR ORI AR e s e et 3
AP P P ; BN s o sz lo' ms::r !mu The ivss Zacwor, L. if 2 compacand .‘mx::;ém@f u;-:-: .

" and thus the duration depends on .q s well as A2 lengeh, @tk lemgh, trac '\‘a_éor _‘e ar . dg
- 172l debey ezmanon. express L oias the

. ARSI : L S

€. The Communicatica Cue {Forward, eEi-beazn Scattering) F ° el m“

Ofm.erelt mcommv.m.c-:mns is t..e case oll sepaTated trans- el S ', R = . RN
T ) L = l?anfoG B3N

nutt.er and reéceiver vhere pmysgatmn tzxu p.ace va an oh‘.xqv:« pad f.mm

t mi T. trail at \G m :ece“er. R. The foregm'

eqn;uonl ior backscatter mus: be mociSed by several oha.sqmry h:ton. '

. v . el 2 o e
* ‘mostly ge« nc, to be appli ble to the forward or off-beam meteoric < - . e _Pﬂ ge factor = R R,y

seanmeniag s st By s il semaanon facor = (e 9

e e 8 b e A

© Ws mynuudnpnr mdﬁd. Pa.'viaohlique meteoric scatter- s L g ?p :mw 2 ml(

xnguthnwhxchvouldh nccxvodin!nc spcconrthonmtm-?’

&
L]
L
]
"

i ~-:/r,- xﬁ DDA A e sz’
PR PR ¢MTF g (,,

T L
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in which X = p‘olar‘.-uﬁon an.gle. 1.e. the electric ;r;g}c betweer
ir;cident vector and the line R, from trail to receiver !
B = a/néle between axis of the trail and the.plane containisg ) #
T\ R and the center of principal Fresnel Zone on the
;7;-il
24= i:;éle between the 1‘.an R and R,, i.el’ the forward
scatter angle (r_’us is ‘60‘ - 26 where 8 is Booker's

off-beams angie of s&;ttc..ngi ‘
Xn waat follows we shall assume ’mr‘ zontal pnlaru;zhon such that !he
polar‘n.atxon factor. Fp: is u‘;\z'“ A hmcal xz-ple -r:}‘ suﬁcz Con:id;;-
' a metet;r trail at the mdzxnm ol a 1000 «m pan (R = Rz,'; 500 im) such .
ki that B =0 (tvazl axzs is'in the plane conta‘n.ng T .and R). Funbe_: assume .
"'a line densxtv of q = 1014 electmnsn—x ‘I’hen, Fg o= ;IRx =4 x 10"\6111'1;

qu s Bxlo'z; F(‘; = seczg and

L = 3221078 s gec? o o . aa

: At 50 mc. and ;isuxﬁng-plane earth geometry for a trail 100 xm above the
earth such that sec ¢ is about 5, then L becomes about 5 x i0™° or about
-53 db loss with rupectﬁ; free space. (This s ubout 50 to 60 db nrongcr

!ha.n a typical weak backgmund muu[izenc -n!tct n.nal”)

i

exampie is thes about 46 4% above sackgromsd e, ME g A 1

Tora I KW, 50 m: tramsmmitter witk aztenca gaszs of (U thex, the Ivee

space received power. Pr. isatoutl.lx A Hence, for ooz’

exampe. Py from i

That suck a sigmal Teadily Jetectabie Itimes it Tecerver lzpat
Doise comsiGerations. At VHF with s éo\': Teceiver, !}.e uziee Lmitariom is
more prohab.\ t2at of cosmac o.—;:.. Talder :_bx.. set Ziipe. WLes poizied at

the Milky Wa\ the aTenTa ILTTUTES IOMTII Toime zomer whiz: may be 2.2y

or so abeve set noise at 3T

-

Toe avasialie soise wower. Py wozid be

Po= -4 xTB . el n0 T gy

where N = receiver noise :':;.-.'t. PO 3 4 £ mdles, mB = Tecever PE

. bandwadth |c_;n'_l. Fora [ ke tandwidtt amd 3 zszse Sgure of 3. ‘thez. PK

becomes 2.5 x 107 -F ntﬁl. Toe meteoric

Tbewmmpemrmenhupez.pm::e;wnmmun ae
ratio. In the VHF band, sorsmdmmmu cmmwu”

sbowed that the cosmic aaise power viries as 223 ﬂmasp'uu:tdl

set noise, then we may erpnn:.hcanﬂ;h\ew@u power, ,w-nu@'
cfuoqmnlumn 5!‘" n
where
N, .,o.zsxl'.s. ) : B \“,“-mﬂ"-"-
..PN-ozsx”xn L e e
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Thui. with all oiher quantities constant over the VHF band (e.g. for con-

stant gain o) the ultimate -noise-limited signal-to-noise. ratio
varies s Xo"’, s0 that lower frequencies in the band are slightly h‘vu?eu.

for individual echoes. :

Comparing the strength of the forward scattered echo with that for the
backscattered echo, we see the received power is sec2¢ Fimes as strong
'; im; the oblique path (B = 0). This featire is outstanding in the potential of |
meteor trails for use in communication.‘
5 .. - , ; - X . ) : z . -
When co‘naidering the durations, the duration Ty .is sec” ¢ longer

than Tb for the back-scatter ‘echo, where
: v T P
Tp =22 sec? ¢ /320% D Clgeloth as)

" which is .le.czg. times équam;n {4). Thus, for the 50 mc example, ' Tg v
' :\.vo;-kl o\;; to be‘ 04 sec. and Tf lb;:ut lv second. (The value: of T 1pply
”\vhen PR falls to l/e t:me- the values at = 0 ‘or maximum PR Ona.
volnge basis m@ﬁpl! 'T‘by 2
‘Other inu‘ylel may be periomed: on thev above cng fo‘r foM-
scattered, mderdem; truh l-:xperiment agree‘| very well with theory. For

forward-scattered long-dunuon echoes due pre-umlbly to overdenu tnxl )

there is not too udl.uwry a theory A back- scanered long dundon ocho

theory has ucenﬂy been put forth by Bookel'sz with some expanrnenhl cuﬂr-
mation (TB) 0‘. 4 ncv). . Tﬁne cases have importance ior. while less frequent, -

they do give rise :o"l l;abluntid fraction of the ultimate meteoric duty cy;h.‘ ;

‘ Stanford gzocp early sugges:ed that

great circle plar.'e than if the antennas \xe-e beamed along thal plang "The

variation of recex.ed power lhe pred:cnon was t.hu

6

2...PRACTICAL TOPICS ON } {ET“"?uC Sn.A TER COMMUNICATIONS

Let us now consider a few ‘opxcs in the practical application to commu-

nication. One topic corcerns antenna Cegigrn  Aroines concuran ine ire-

Uency power spectrum. £ ranx, the integrated comrhunization capacity for
¥ 5 &% P

many meteors as opposed to the single meteor theory abowe i$ prennted

a. Antenna Beam Orientation "

Because of 'he feometry 0 meteor traii x:)‘\aa'd scattenng thc

moTe power would be received over an
\...hq-‘ path if the antenna heams were swurz mutually 1o one side o{ the

i’
earl.e' v.ork assumed that ::'.ezec:«: diants were ....fo' Jy cuslnbuted over '

the celesual hernisohere Resuhs of zhe.: morTe *ecert measuremenu and -
a.nalyses togethex \nth those of o:'-er agencies. suck as. \,?PL !\'BS) and

RPL { ‘\‘.;wa, hau been desc 'xbed in se\era} recent <;'mpos:a’9'w'fl-‘z

on scatter propagauon incl:lding meteoric scatter iz parncuhr at. -'h.ch

repr ives of the c ‘, pachpazed Consxde'mg cvmm.xmcnmn

pnh onentation 1n the Nonhem Hem.spnere (N. oi 23') and the diurnal’

l; on an E-W path, received sxgnah would be nnnger at 0600
‘with beams mutually oriented ‘ion.h of the path and at 1800

"with belm- mterucun; Sout.h of the puh T S

66
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~ Declassified in Part - Sanitized Copy Approved for Release @ SO—Y[ 2014/03/04 C\A:RDP81—01 043R002fl0013001_.)_879 Sl

enna seams shcdd be

d.\rected to the East and at 0000 they shm.ld be onentcd to :

the Weut:

These points were in part coniirmed by the Cedar Rapids-Sterling CRPL

measurements and t‘noae of Linc Laboracr\'s.', More complef.e tests
just reportedéz by CRPL group indeed 4» ctrongly indicate a beam swinging

antenna would be very ‘uscful, resulting in about 6'db increases in median

power on the Cedar Rapids-Sterling link with alternate sites at Shepherdstown

would e beamed at

noon along the path. roitn in the morning aad southeily in the évening. Simi-
the Canadza.;; Were iven Jor Otlawa-Greenwood

3
\

lir experimental results t

(E W) and’ ior Sufﬁeld Chu*chm NS) and Sx.“xelq W inmpe; (EW) cuv:mtl

~lord _e::perimentl

Were based on TV station si gna.s recexveq at Stanford from Spokane and'

from Phoemx. the results coxnl m—med roughly the simple model pxed:cnon.
Recent work o( '.he DSIR (Slough, England) on t.be circuit to G)bxaltar wu Vo

. mterpre:ed by Elhleman“ .as conﬁrmauon of Ibe benm 5h:.ft denred (5' o E

the East in daytime, 5° to tbe West at ni;,ht)v

b.. Frequency Fower Spectrum

The Canadxu RPL g-oup made mea surements ox Y.he !nquemy

power .pec!mm ol meteor trail oblique transmissions. Vogan repon.s‘7

results of measurements of the signal received at Onavn oif beam’ Irom_

- extended to obligue propagati

“in'a unit time interval: The in!egzued tme T s fou.nd bv summing !ha :

sigral 1s uxd to be cozmnumu (9‘% oi ume) i T‘ 0 3 thnx T

b'x.e. for small T, the value o{ T is appronmlely the du!y c;:le. d. .

the C‘eé;';r E.(a;pds.if(:) me ng'n““ ":-.eamed to-'a.rar"_i béuzi x.:;g ',z:-ii?. pamcuxar
veference to long-duration as weil _uj‘the short tarst signais. The lonl‘
duratior. echoes. {4 to abour [0 se-:om:n a1 alspect
60 cpz above the ;ainet, ‘bex.-_g abost 12 4b scwn at 30 cps. The short

duration echou (0.2t 0.4 .,nm.:is curation) had a muck narrower spec-

trum. ‘v‘ogan anribu:ea the sigriticant broader_:r.g ot the “.on_g juratf.au

echoes to the probable =ffects of :nii;siau and tr.:b;.euce ‘on the trails

after their formation. | featire was elabor a:ec‘. _ao; :s: Sack- sc;t‘e “‘,

radar echoes in the theory of Boorer and Cokern” .. The theory should Se

c. Duty Cycle wan g S EEREaL

‘of imporuu.ce in commun:citions 1§ the ,ercemge of ume the o

tifis ulnned t.hn

me!ecnc circuit will be ope.. , i.e. the d'.!@‘

the nmel of occurrence of the bursts are random, the duty <ycle ¢ :x'.a'y.

be defined as'-

where T is the mzegnled time that meteors exist .bove 2 reicterce ltvd

mitations and elaborated upon.). ..’ |

dunuon'.. of eack echo a'bm' this level. r}om (xe), wiea T =0.693,

the nfﬁrence level is the medxn. (50% ex:eed.ec) xcvcl U T 23, the
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4

i:-hlénan 3 gives

1/2

P -l R
T =5.4x10747 3 T / P -ch GG A (D

=3
PR A

where most of the symbols have been g:ven previo;xnly. Other! are
P’ = ref;reme received pgwer ‘Aev‘e1 (watts) ibove which the ‘
signal exists for the time T, i.e' (1 -(T) fraction c‘uf .
e I £

2R "= great cucle path distance (meters}

arean !he h p!ane (p'xi"‘ €

2

height ‘h above the earth) common to. T and R antenna
- beams. ' )
‘ P' = probability of detecting randomly oriented meseor trails .

occurring within a given h;plane area.

’ ‘By -nakmg some xdgahzed auu:rptxou. !.he abov: eqx.anon may be nm;lx-

fied ir ox-der lo assess effecn of various ny-:em panmmu. Thus ﬁnr

idealized pencil beam at t itrer ud receiver, = 16162

where & u!hebeunv:drhmnd.au Then Ay = [ﬂlzszmﬁj /4 and

BK

P 1/2 : : '
T = 3.3:10'3 [_T. ] a2 35(P'ae: Q)aec“zO e

where B is receiver bndvnd:h and K is the ratio ol relermt level P

: to cosmic noise level (nmmed to vary as a2 3). with cosmic noise u-mod

to be limiting background level. Because of some of the idealised

assumptions, there (s drozably about a factor of L6 Sb betwees practical

circuits and the theory expected of equatiorn {18,

Tae equation {}8) na..cnu that the duty cvcle fr bun commuzica-

tion, i.e. :be fractional time the sigoal Power exists abare a reference

level P, which is a fixed retic K above the COSmMIC moite tacksrowmd

varies

3) with the squar'e root of Pr:3
4) inversely with the square of the fanz K - e
. o el
In addition T is propory

o produce reflections :r the :om dlumizated =

slase area.”

iunmmpﬁe. ac \-.0 m etk m-.ar-mme._aw

on'a 000 km paxh o =T77%, the compied value al nqw:red tﬁamiier

power PT .l AJ watts for a duty :rc.e of .O‘i. Ths assumes & pmhh‘.hly

P' 0f0.02 andadenreé signai-to-cosmic soise e\ﬂoilﬁdb!& 8100)

hpmueunmhmmmamomm;dpurmyum .

with Practical antennas and receivers to a.car.eve th:s d’afy cyele. Thus for.

2 800-mile Path an 50 mc, with 3-ei Taps. atrac punx" of

1 kw ud a receiver bandwidth of 1 kc, bursts with an average du-uuu of

1 second are Teceived a1 a rate of 300 to 400 per hou:. .naum;nn is - -

tional o the number of trails swably oriezted’ -




thus available 10 to i5% of the lime“.

d. Distance and Frequency Range

Vhile meteor height ranges of by o 120 km indicate 2 maximum

“ range of about 2500 km for a single meteoric reflection, for a useful com-

munication system the pract

(300 ta 1500 km), The iong

Jos veiume o antenina beams in

‘ i - Ll 3 -
-cal angles for antennas anc a w5ul €9

¢ s diciated By the &

the xomsphere The manimoen 7

_r!er the echo s

. uh:!

' Ref,ard;ng frequency. the I5-

t should be r¢.=ed ‘éo-rcw‘aa* at this time'ol. mevsunspol cycie siace

lower rli

. MUF’s are very hng,h and .rler.e'erce and _)i:nm:.ng vi

a rcgdzr F lavu

propagat ion is possxble. Backscal'e' sex[ mte'xe-em:e 18 be..ng cxpe:u.nced

on inmsphe.ric scatter m.:cu..ls r.grx ncw cn 3& 1o 40 mc systc.m&

Cons:dv. rable m(ormat‘o“ s desired on long ...1ation ~choes and assess-

‘assessent
ment of regular F-layez i r.lerfcrenue 10 me.egnc CL.CInli. The assessm

- depends uﬁon lype of intelligence to be uannm...xer. and .he vnomun.on xr.cﬂwd

e. Communication Chanrz. Cap;c;rr

" The commun:cation capacu) C of an ideai Lhannel -':th additive

0:
Gaunxan mue is

S C = '5' mgf S bitgseec T (9

-1
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5 Sn which B :s the channe! bandwidth (cpn.

channel characteristics change but slig

_several hundreds of bits.

Wea\'e:'h has analvzed ihe detzvior of C applicable 1o under-dense k
trail meteoric forward scatter. - There does not appear much advantagein 0.

capacity C (1) is

S the average s:g,.al pcwex ;
(watts) and N the average bacxg’ouno noige po“er {watts). S;-eech uans-
miss.on bandvr:dthl of 3 ke :-.r.d & S/N ratic of ¢ db result in relatively

C ig 7000 mie sec

ntly during the.time needed to transmit

i.€. ‘quasi-stalionary.

¥

using {S/N \) ratios ‘ess than anitv decauee of ;::::eased bandmdth req:j._rb

-~

ments. On y.he o!her hand {5/N} ratios 1010 20 b restrict the capa ty ©

to low-values. o ':‘ . L .

The signal power 5 Ior underdense traiis has the form-.

€ 'x.':‘l‘i-

1200

where S, ':5 the maximum signal power at't = and - Tp the deti‘y time ' ) )

constant for forward scattering aforementiored. (At 50 mc, Tr is about .

1 second for & 1000 km pathi S i PRL which was diuﬁued i;m-iom’y;

where PF is the free -pnce received power u:d L the lou ‘m.h relpect

to free- IPICE) !n this time vamng case the i

-t/T L =

c B _Sm€ Fl L :
t) = 1. .

S (' .lblz‘ v N.KTS, . @n

13

et e, s S £
. b e b2 N
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Pt : where N, is the equivalent noise figure for cosmic noise (assumed limiting ¥ ° R :
: ] “noise level). ' The total information capacity of a burst i is
‘ AT :
1= J C (1) .dt . (22) .
l . . s . :
— : Weaver has analyzed this equation for three possible methods of using .
! : the meteoric channel:
' i E— 1) ope‘rate at a constant rate set by a threshold (SiN)\min as long )
- i . as (S/N) exceeds this level; : :
l . | 2) .vary B with time s0 af w0 keé::: {S/N and .
L s 3) for fixed BA,a‘djus! for optimum- (S/NY. )
: E- 'scheme (2) has but a slight (about 1.7 tin;zes the capacity) advantage over S L. o S"S""Z.M DESTGN STUDIES
S (1) if the time of use is the decay time constant. 'If (5/Nh iy Vvaries from ‘ “e
L p one meteor reflection to the next,: then-it may be worthwhile to consider” <. o e oy S " S Ve
! - varying the transmission rate accordingly. : : c
B N e i B 3
v | . ) $ :
. . L :
; ‘ T3 - ] . :
3 ; ; C-0-N-F-1-D-E-N-T-l-A-L
‘ i
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'C-O-‘N-Y-X-D-‘E-N-T-X-A-‘L-' e

A. PROPAGATION FACTORS AND ALLIED SUBJECTS AFFECTING SYSTEM DESIGN

-
[4]

TEMED AT
ENERSa.

In assessag propagation mode and frequency choices for the air-to-

ground application we are !
the best choice today for ranges out to 300 or 500 miles in the Arctic. This

is baged upon a study of many factors.  From the standpoint of range, however,

say 1000 miles or more, the state of the art is such that other. fx::lchamsms i

transmission must be employed. Thus

Thue VHF ionospheric scatter might be

émployed at 600 to 1100 miles. and the shorter range being trpps;ﬂ:enc.

But VHF ionospheric and meteoric modes would require lorge antennas as on
the aircraﬁ. Also these modes are more efficient at thg lower VHF irequeacies,
ma here a circuit will be uucepdble.m longer distance noise, backscmervmdv

interference or ia.nix:ii:-.g, particularly during high sunspot numhfr periods.

The lack of :gL:;bil;w of regular layer HF in the Arctic auroral sone has

already been mentioned and 1s ruled out for USAF use hero,“ It would be:e;‘:y to

" jam and Mekeg._ B

A very efficient mode is that of LF and VLF. ) However, hu'p ground

structures must be employed. . It is easy to intercept and jam and M.l

capacity is more ‘hmited than higher frequency modes. )

L . EET
C—O-N-F-I-D°E-N-T—I-A-Lv »' .

A Wt

c-d-w-f:-p-é-x-t-_x#-u'v -
Relative ,éon is difficult to assess h;r various ;xzo;iel. ‘H a'very high
qrder of reha&lih; is requred with multichannel operation, and if the tysum'
must be difficult 10 intercept and jam, then relative cost is favoratle at VHF
and UHF using troposphenc scatter. Antenza size must be small for kigh .
speed jet aircraft 2nd not exposed‘u.d this suggests the UHF spectrum ratber

than lower {requencies.

" An attempt has been made o abulate the reletive «:rformance of

various modes for ezch of several characteristics importazt in air-to- ground

USAT commurications. The we.@nng of these :5 open w0 some trincism abd

- an overall addtion of relative veluss mogta be misleading. With these re-

' h

marks we contiude thzt UHF tropospheric scatter, " witkin the state of the art

today, is the recommended mode of trarsmission for USAF ar-to-ground
commurications {or ranges beyond horizon up to 400 or 500 rmles and partice’

warly in the difficult commuﬁc;ni.an.i-eg:on of the Arctic:

2. TROPCSPHERIC SCATTER FACTORS AFFECTING SYSTEM DESIGN

Marny fctors of tropospieric scatter propagation will affect the choice’
‘0" parameters of an air-to-ground communication system. The pnneuu N .
1) frequency
. A power
3) systen receiver seasitinty -

C-O-N-F-I-D-E-N-T-1-A-L ./
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C-O-N-F-1-D-E-N-T I-A-L '

~~ioTward and rearward switching would suffice. 50° in elevation beam -md:a is

- 4)‘A lntenna.gu; and beamwidth -

5) polarization AT w A about as narrow as one \l'ould care 1 go in view of restricted vertical aperture

=z
Q
B
t-
2

in high-speed jet aircraft. Beam maxima should be hnnﬁnxa.\. or if feasible

3
e
< -
e
im
2
g

slightly (a few degrees) depréssed. -

" In the UHF region there appears to be little choice between say 200 and P "' The ground antenna beams need 1. be broad w arimuth ‘0 give good
woo mc. The free space lcu increases with frequency squared The scatier ‘ caver;ge whh munmum difficulty of location and tr ‘cnzxg xh: commurication

. loss increases with frequer.cy I! constant apertures are assumed ‘1__ . signal. The vemcé_ beamwidth can bz quite mrrow cossistent w:x.h vemzal

apcrnu'e size and counlm.g 10ss. The horzzan sk ﬂz_mgeg.
lrequency to the fnurth power. Howcver. éb-npling losses in'creaée’with da- ) ; - ) L R
. The gains requared of the antennas should be at least 3 toral.of 40 db
-creasing bea.m size :awardl higher freqaen:xen. Noise ﬁgux‘e detemx-axel . ) i ) . - ‘, :
N . because 92’ transmitter. pcwer limitaticn {approsimately l KW ir the air,tra.ﬁ).
the higher t.he frequen-y. Thus for a constant transmittes’ power, aperture : .
ghe q 4 Bo e Thus we ‘settle on the iollomng .opromde antenna cn‘munmcr
sizes a.nd re uired channel s -tn-mse ratio Ahoux the game rfnrmu:u : . = L
' k geal pe : bandwidth - 1
would be exp d. Othera ptions nght be made about keeping beam i :

| -h.lpel the same at m frequencies, in which case the hxgher trequhndu . :
gaim. . o _30 b over zsotropc
are llizht.lv preferred.

Cavimuy a7 5
We recommend the 225-400 mc band, and prefer that allocations be : : SR g ) vertical ‘ . .Z._S‘ )

made for this ;pecial service at the high endolthe‘hnvd. Here a pairof - L oL raircnaft jomasad IR ARt

bands separated 20 or 25 mc would suffice. The bands would be -utﬁuontly PR CRAIT S‘“‘ o ‘ 12 db over isotropic
wide in u.\lncauon, sy, for perbaps 36 or more channels.: .. - ’ R . T ., : V‘ ! m"g KR 00

Rogudﬂgg antenna beunvddt.h. there are nltﬁch’ou on miv’aum ' . S SRS : S . i
sine. In the aircraft it would appear that 50° in aximuth, with proviso for s . ~ Horisonal o vertical PI‘“““‘”“ have ua same losses, sootber than |
S PRy ST R - L v - C-O-N‘F-I-D-E—N:-TI-A-L' 4 - v ™
| C-0-N-F-LD-E-N-T-1-A L AR R :
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ground reflection cdeiﬁciﬁm there is little to choose. We may elect either

‘ polarization consistent w h siting. There is a preference for vertical polari-

zation in the aircraft from a structural point of view {see System Design).

On diversity, nxgner orders than mﬁy are de sirgé o minimi:e fast

fad.\ng dept.h:. Use of two a.ntennas, spaced,can be accomphshed as will be

seen on the aucraﬁ vnth the des1gn propos+d. Spaced di- :ers:ty on the gmﬁnﬂ ’

is co‘asiderahly easier.and is well known.: Polarization d.\scnmmztion (not

e, vertical and hnrimm‘;x.

i

hde cohexently) may be used, but aircraft stracmre wouid rule agau:ut this.

Ftequency d:vern(y m:ght be added znd has been cons:dered However. this

comphcaten eqmpment further and is not be.ng cons:&ered thn pha-e of

the -tud', fnr recammendauon m equ'_pment design.’

=

vhan been used more in t.hc past. SSB affords less bandwxdt.h is 1en f\ucep—

hhle to mulnpuh in the prelence oi other aucnﬁ md req\nrel leu power,

accard.ing to Morrow et ath,

C-0-N-F-1-D-E-N-T-I-A-L .,

Nnmeroul admxagel appear to favor SSB ‘ovver- FM ah.hough t.he latter

1. SYSTEM PARAMETERS
We shall assume the following system parametere in order to predict

- performance: -

- Def;la_sslﬁed II:\ Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 : CIA-RDP81-01043R002400130008-9 AT
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B. PREDICTED SYSTEM PERFORMANCE

dual spaced diversity. cominer type
{aircraft and ground)

"“transmitter power

| airborne
grb‘u:m" : & —
chz"grﬁ:el"bandw‘dd!h AL Ak
m‘oduiavﬁnln :: - P - S5B
cham:‘e] ngnaa-;qfn.ai:ée" o TS g
Bmtml : ‘ ‘ \

verncal,
vertical,

- "'ro_.'m «\_0 ub'
‘C'if!vl_.\’ &by

2. TOTA.. "ADI!:G F. ACAOR AI\'D nELIAB[LI’IY

. The u:tal {.d.u:g factor F.,- for dual combiner mveruts is ;;vtni:.t!u.

curves of Figure 8. It must be rememberec 1hat our reliability FT’. say of

90%. means'a slow fadin;‘ factor for 90% of the hours and a fast fuling factor |

for 3%

of the hours (oot sum square). It is thus alarger fading factor thas

just the slow fading !Attqr F. along ind 15 Tepresentative of reliatality.

D in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 : CIA-RDP81-01043R002400130008-9
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. APERTURE MEDIUM COUPLING LOSS, L.

. The estimated apertuie-medium coupling ioss ‘L 18 plotted 1n Figure 22

as a function of d;, for the antenna beams assumed for the system.

4 REQUIRED RECEIVED POWER

"For a 10 db rms signal-to-rms noise ratio, a noise ﬁgurebqf 5dband a 4 ke

ba.ndwiﬂth. the requred power received is 10-204+5+36 or -153 dbw. Fora

10 kw transmitter power, this gives a maximum 2llowzble transmission loss

cof193db (al kw transmitter power gives 183 db).

5. /TOTAL TRANSMISSION LOSS CURVES'

Using the line-of-sight curves of Figure 1 and equation (3) with the )

above iacton the total transmission lbu of the system was computed for -

Various altitudes and reliabilities. .

For 90% reliability and altitudes of 10,000 and 50,000 feet, the result-. ' -

h;g values of L are -ﬁovm in Figure 23 for the three climatic sones.  For

a ﬁivén nﬁﬁﬁuﬁ allowable total L, it is seen that the maximum ranges are

.less in the Arctic than elsewhere, and are smaller for lower altitudes.

The preﬁc;ed values of L ‘for the Arctic for various altitudes for a

given reliability appear in the next three £gures. ' Figures 24, 25, and 26

apply to vuluni of L for 50‘. 90% and 99% relhhniﬁn; nﬁpocﬁvdy.
. / N e . : - - .

'C-O-N-F-1-D-E-N-T-1-A-L-
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6. ESTIMATED HEIGHT GAIN, Gy

Estimates were made for the height gain in the Arctic for various distances

and altitudes for 90 and 99% reliabilities, based u pon Figures 25 a_ud 26. The

results are ploned in Fxg\_.\re 27 for Gy for 90% and in Figure 28 for 99%

rehabxhtxel In each of r.he figures for Gy, the curves show separately !he _.

dependence of GH on height for a given total path distance d, and the dependence N

of C’H o1 d fora ngen altitude. For distances exceedmg 350 mﬂcs, the curve -

of Gy vs hA is ﬁxaCtha.nV the same ior all distances. For a given height, .

Gy increases but slightly ’nth dista.ncevbeyond minimum Gy, unfortunately.:

For a giver distance d, Cy 'increases with height as shown.
’ W ! '/ . ’

7. ESTLMA"'ED MAXIMUM R.ANGE

PRI+

The maxmum range for g:wen services 1s shown plotted for the Arctic in

xgute 29 for various rehahxhne: ami tvn tmlmxuex po'en (10 kv and 1 kv

- typical oi ground and arhom trmxmlten)

Shown in the figure is a curve, labelled 85% d°,A meaning an ‘estimate of

the line-of-sight communication range. The maximum range increases with

height and transmitter power decreanmg for increasi ing reliability.

In the Midlatitudes, typcal of some o('me flaght paths envisioned to‘

Europe, the maximum ranges would be lubnanu;lly larger tha 1 those shown s

in Figure 30, .-;s 15 00¢ 5%. the r.ﬁgu 18 at least qonmu vy tropuqﬂunc

scatter in the Arcuc over the line »o(-ngh& commum:auon un‘c. lnl' W‘

rehahxhty

| C-O-N-F-I-D-E-N-T-I'AL - SR TN I A G SRR

. - e i
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It is fair to mention that our curves have not considered the gains avail-

able from the use of compi ading, which may be of the order of 8 db. Referring

to Figure 26 at 20,000 feet, 99% reliability, this w ease the maximum

range for a 10 kw transmtter from 420 to 520 miles, i.e. by 100 miles.

8. BANDWIDTH OF TRANSMISSION

The influence of other aircraft on reducing bandwidth is shown in Figure 30.
The medium itself allows a very large bandwidth to be empioyed. However, with
aircraft crossing the beams the bandwidth allowed leteriorates an amount depend-
ing on the modulation employed. SSB with one pilot is worse than PCM, in turn
worse than FM. However SSB with two pilots wall allow 10 times the bandwidth
Iilown for cne pﬁlot“. (These curves for aircraft multipath are ba.led upon
severe multipath assumptions but do shcw that aircraft in the scattering beams

will deteriorate bandwidth).

C-O-N-F-1-D-E-N-T-l-A-L
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C. EQUIPMENT DESIGN STUDIES

1. ANTENNA DESIGN STUDIES

a. Introduction ’ : i

L]

X In order to accomplish effective air-to-ground comraunications

'us".ng tropospheric scatter techniques, the antennas inc srporated in.the
overall design must be such that the maximum operational efficiency is de-
rivecl. from the system. T};e requiremencs for this for both air and ground v
systen"'u;-are the same; however, the aircraft system poses some problems
due to size, weight, positioning on the aircraft, and the effect of the aero-
dynamics of the ship by the use of various types of antennas. Oﬁ the other
hand, the ground system is not limited in design except by required cover-
ages, cost, and ease of operation. In both systems the highest gracrica.l
directivity to afford some protection from :nterference, jimmxn‘gi or unde-’
sirable monitoring of the circuitis desirable. The beams mx;\st not be ;oo

narrow in azimuth to ease tracking. Vertical polarization is pre(erred'

dihough other polarizations are accept-ble and are proposed in some design. .

considerations. It is also desirable to use two antennas al either end of the
circuit 8o spaced as to offer two distinct transmission paths, thus providing

space diversity operation.

*F rom the propagation standpoint, either borizontal or vertical pohﬂuum
is acceptable. However, in considering transmission from airborne, flush-
mounted antennas, vertical polarization offers the most ;dvanugu in attain-
ing the desired radiation characteristics.

g Vo e

e s i s e et h

TC-0-N-F-i:D-£:N:T-I:A-L =
For the 225-400 mc range of operation for tropospheric scatter air-to-
ground communications, several antenna types have deen studied. These

ess:fications:

types can be specified under 'wo genera:

1} ground station antennas

2) airborne antennas.

Typicai gro.md station antennas studied are sec:.am‘ .Arabs.*:. coruer.

reflectors, and broads:de arrave. A w:de variéty of eazh of '.heu tvpes have

extensive use in Other COMMnIC ahOTE SYSIEMS an:" a review of the state of

the art indicates that many sossibiiities exist for isage in this partcaiar
appiication.

Installation of antennas : ,rPsP’:Z-CZ\ airc raf! $holid be accom;

geste flush mounting for any

withouat introducing additiona. drag T,

A st de of aii possibie 1,p2s of flusk mounted

antennas that could be .xseJ whch have ap,,rox.r i dd glu:. Antennas

such as end-fire sloxm cavity-rype. traveiing wave antencas, sem:-flush
yagi arrays, stubs, and heiix types were surveyed as :oxennz.. né:nou 1o

fulfill the requirements of the system.

b. Requirements
(1) Ground Antennas

To >perate effectively, the ground stat'on antennas should have

a configuration such that the radiated beam wouid have a gain of 30 db with’

respect to an :s0tropic source. minimum sideiobes, and half power beamwidth

'

u,

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 C\AVRDP81701043R002400300879
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angles of about three degrees and seventeen degreen in the elevation and

aaimuth respectively,

The arrays may have provisions to allow azumuih ¥
purposes. At each ground station there will be two antennd arraye spaced
approximately one hundred and fifty wavelengths (600 1eet) apart so that two

distinct paths of transmissions may be utilized.

The high gain, beam shaping. and space dive

ments for the ground station.

(2) ‘Alrcraft Antennas -
It would be desirable to obtain the same characteristice in the
aircraft antennas as are obtainable in the ground station &rrays. However,
the limitation on size, ‘;eight. and -available ;psce for mounting immediately

limit the acceptable design.

The antennas should be directional with a gain of 10 db with respect to
an isotropic-source. and have half-power beamwidths in both planes of about

800,

c. Analysis
(1) Ground Station Aatennas
Selection of one type of a variety of different existing antenns

systems is based on wany factors, among which consideration should be

95

C-0-N-F-1-D-E-N-T-1-A-L

Declassified in Part - Sanitized opy Approved for Release @ 50-Yr 2014/03/04 : CIA-RDP81-01043R0024001 3| : X
ied i it 7 @ 50-Y1 /03/04 : Cl, :
0008-9

radiation characteristics, it is necessary to array colinear radiators in the

focus of the reflector.. By proper choice of the number of primary sources

devoted principally to:
1) Performance
2) l.lelilbility
3) Cost
4) Ease of Maintenance

5) Simplicity. | . ) o

The investigation of possible antenna designs for this requirement
evolved around the qeed of such large structures for antennas t0 Aevelop
30 db g;in. Structures §u:h as that shown in Figure 33 . corner reflectors,
and "vee" amenna. arrays were analyzed. Broadside arrays, ilth;ugh

having narrow band characteristics, were also included in the stady.

(a) Corner Reflectors
A common type of direc z;:nal am.ver.na that has enjoyed
widespread use is the corner reflector. Basically, this device is made up
of two flat reflecting sheets that intersect at an angle, usually 909, u;hich‘

are excited by a primary source such as dipole feed. To obtain the desired

and reflector parameters, an antenna may be developed that satisfies the

requirements of the system.




-1, Structure Size

" An analysis of the design data of coruer reflectors, ™ .

A8 . indicates that a 6b° corner reflector for a given

as outlined in Kraus
antenna-to-corner spacing (in wavelengths) possesses 2 higher gain than
athers. With an attempt to develcp 2n antenna of the highest gain poesible

for a fixed size, we bave designed an antenna that dppears to be a realistic

approach o0 this problem,

The size of the reflecior can be determuned after the line source parem-

eters have been established. Since the beamwicth 1t elevation is required
to be 2.5°, the ength of the array can be approximated by.” -

5]0 X

AUurqa804A

8 =

where @ = beamwidth in degrees at the half power poiat.

FIGURE - 31 .
: €-0-N-F-1-D-E-N-T-I-A2L

L = free-space waveiength at the operating {requency. .

3
3
.
&
é
X
%
g
v

JecrsonAL

D = aperture dimension of the reflector in ke plane of polanzatica.
For an antenna operating at 400 me, where L' = 2.+b feet, the array

length is derived:

51% -

D

. 519\ . (51) (2.46) o 80 mi‘
2. 50 .5

To obtain maximum efficiency {from the array in the slevation plane, .

" the reflector length should be greater than the array length, The literature
. . ; "

C-0-N-F-1-D-E-N-T-l-A-L: .
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indicates that a corner reflector height of 60 feet is ap{:mpr‘.ate for 2 line,

§ : source of 50 feet in length.

In the azimuthal plane where it is desired to have a 17. 5° beamwidth

and the jntensity across the aperture is of conatant phase and tapers smooth-

ly from the center to the edges of the reflector, the beamwidth is given \uy:‘9
e 2

Therefore, .
2 0 R:38) o g5 feet , .
17.5 |

If one chooses an antenna-to-corner spacing of .5\ -, the system

would appear asillustrated in Figure 32 .

2. Corner Reflector Illuminators

An interesting problem arises in attempting to illumi-
" pate a reflector of the size shown in Figuré 32 , and it is one of determin-

ing a suitable colinear array for the primary source. A uaique design is

L presented that affords maximum simplicity of construction at minimum "
R : expense. :
5 H Common colinear arrays for corner reflector sources consist of . 4%

sary illuminae

dipoles appropriately spaced and phased to obtain the nec:
tion for the reflector. For a 50 foot array, where .4\ @81 foot, the num-

ber of elements (n) requiredis n ,_?_9_ = 50 radiators. Obviously such an

. . C-O-N-F-I-D-E-N-T-I-A-L

9

De .
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CoRNER REFLECTOR
FIGURE 32
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- array requires a fairly complex feeder system at 400 mc and cou

serious structural problems, Sucha design was ruled out in favor of &

waveguide transmisgsion line that is used to excite @ number of dipole feeds

that are properly positioned on the broad face of the waveguide as shown in
eross-section in Figure 3550.
A preliminary design of a waveguide linear array feed has bee

pleted that should satisfy the operational requirements for the purposes con-

sidered herein. The waveguide cross-section is 24" x 12" and at 400 mc,

2 feet, where \g I =i.3.

the guide wavelength is approximately 3.

spacing of the radiating ele-

ments, the number of elements required becomes n = 15061;1' s 31,

Thus, if a 1 5/¢" diameter coax line from the high poweT transmitter

(10 kw) terminates in @ coax-to-waveguide transition which in turn transfers

enexgyk‘vdown the waveguide and with sui.aile coupling to the 31 rldiuor‘l it

is possible to excite the 60 feet x 10 feet corner reflector aud develop 3

2.5%x 17, 5° peam at 400 mc. This feed structure is shown in Figure 34 . °
‘ Figure 3% .

For purposes of pattern symmetry an even number of radiators are required

in the array and therefore 32 dipc;)et are illustrated.

(b) Antenna Array Configuration

Based on the preceedin analysis of the reflector size and
1 4 1 :

the line source, & design is proposed for a practical antennd system. The

eystem would consist of two 60 foot x 10 foot flat reflectors arranged to form

C-O-N-F-1-D-E-N-T-I-A-L

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 : CIA-RDP81-01043R00240013 9
i iti v | M 03/ I :
- K 000!

101

C-0-N-F-1-D-E-N-T-f-A-L

RFY l

-1—-‘-2”' —l

N e

Warccvig avo Dirine Feso DeTaies ‘1

.FIGURE 33
page 102
(C-O-N-F-1-D-E-N-Te}-A-k

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 : CIA-RDP81-01043R002400130008-9
ied i it Vi T Y1 /03/04 : Cl, >



Declassified in Part - Sanitized Co

roved for Release Q 50-Yr 2014/03/04 : CIA-RDP81-01043R002400130008-9

. : Fooe . C-O-N-F-X-Di N-T-1-A-L . a corner refiector as ghcwn inFigure 3z . The .—eﬂenor sides are‘mlde B

up of six (6) 10 foot x 10 oot sections of 2" xpanued llumxm.m mesh 'll-

’ /%i/ : tened to !uitabze framing that provides the necessary stracture (or al owing
E — erection. The panel section being :dentical can be fabricated in an economi-
/ ical manner and produced so that pre-erection is ot DECEESATY. One scheme
/ is shown in Figure 3¢ . The array cesigh can e such that the wavegtide
"?é ) dis pqml‘.oned at the apex of the corner 2nc be used as 2 siructurai mem-

ting elements wiil pratrade irom the broad

ber in the system. The radi

face into the focus of the reflector as shown n FigL L o It.s conceived

broad faces of the

waveguide using common 172" diameter DOlts 3D

plete mechanical anﬂynu it is foznd desirabie 1o s8¢ 2 waveguide of srailer
cross-section then various technigues such as those er sioyed i broad-band:
ing waveguides may be emploved 15 20CIMpLisn this eng. .

(¢} A Resonant-Sloited Wavegcide Arrav Desigd (Broadside
Array) | g

Another practical antennd design is considered based-on.

b, .5 Lo PR . / : the characteristics of radiation {rom shunt-icaded ,10“5; 53,54 cut in the »
» A ? L WAYECUIPE TO COAX : :
TAAKSITION narrow face of a waveguide. Using the same array analysis as previously

M/J'
LCTION : ..
r—-‘-@ described an antenna design kas been established that is electrically and

M i . : ' : . e
' o : i | mechanically simpler than the corner reflector antenna, Thisis shown 1o
I : . o | : ’ ) Figure 37, and except for the feed all other characteristics would be the :

same for the corner reflector design.

' s B . - . . !/l . ’ l‘ ! xo‘
R ‘ LnvEAR ArKAy o Jﬂwn : Sl R S v -

' : : MauRE 3 ' j ) C-O-N-F-1-D-E-NT-1-A-L
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:dt Sectiouai-Parabola Antepnas

Many ¢ catler ¢ cation svslems empioy 60

foot diameter parabolic refleciors, with the bora radiators {or the primary

source. Although these aatennas are iarge and expensive, pracucal desigus

exist that have facilituted produckion of large numbers of these systems.

1o view of the faci that lazge parabolic type reflectors cia be developed
oo a p‘ruu‘:u ba;'au. it was cooaidered cu.u'ahlc o &nlp a pecu’au;d 3
paravoloid u)’a reflector. Que such design baving the proporticns shm in
Firure 31, &nd i:.-;rpcr‘i::.g & horz feed should suticfy the reguirements.

‘1t is obvious that a feed sysiem :'orv sur.:a a-reflector canbe & sim;ie bora
and tte simglicity of feed ﬁ:szgn zra proc u‘xes at tb‘e expense of requiring
a.r;,er structures then previously described using ATTays 28 mrcn.”

{e; Tenmzuve Dee ign-For & Typucal G'ounn' Sunun

* . . : For the propused system of crapos;xhem scatter ur-w-

;round cummumcz::ou, one xzrmm. ‘may be tequz'ed to bave ion.r large

’ arrays and tvo smaller arrays in mevason. The cpenuaan n-putu d du

qs'cem wiil be dz-:nhed uewhere in this report, bowever. the sn.:m- . ;

V-mm xunlnam plan is dzscrbed belgw, consistent m_\ ﬁu upcmnu

u-pecu. if corner reflectors and nveguzde arraye are o campnu an

anrenna then the plan showa in Figure 38 is consicered an efficient msnl-

s lation. It is to be noted that the two high guin arrays, " MNo. 1 a0d No. 2
. | pointing in the same direction provide caoverage on a space diversity basis
Warzeuvrok A,mfm? ARRA/ . : T , hel _
- T T : CL 108
‘ FIoURE 7 soge 197 : S e
g-o-l-NN-a-N-u. C-O-N-F1-D-E-N-
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Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 C\A—RD81—01 043R002400130008-9



CO-N-Fi-D-E-R-BloA-b

s - - ComaquarrCATI 0N Coporos® — >

‘/’&44"%4&1 ‘

Sewemarre or Growwd SraTion INSTALLATYON .

FICURE 38
mee 19
C-O-N-F1-D-E-3-TId-de :

up to 40U miies. Two mure .oentit a;‘ errave Do, 3 ane No. §) are shown
pointing ;w’ awdy {7Um e iTH Twe arTevs. Toe plirest arsave perve
the same perpuse Dot Soiler ir he fizection U CUMITLILC 1 0T ?.ELn v
.6 3 schematic of the Digk §aIT BTTRY BTTALEET.EUL Alpt LILHITRT D
Fipure 38 are emalier avtenas sesignates No. f Wo. &, Thest axe
tenpas counld be £ {onl Gilametey paTELIIC :zﬂ&:m:s. Taing EPPTUKITAIElY
T TEREE :;-m.—a.;z and

allow {l:ght peths 10 DE eang 2ns #1100 Taaraax

sailable ;OMIMULIIALOLE &1 ELITITET TRIpE.

{27 Aar>srne AvieTuas

radt arnennis 1§ the edfect
of the aarirame on the Tafanon ters. Beorw (N0 me e TeEaNon cbAT-
acteristics of av avienna of _::.’&-l‘..vill $i06 ETe. iU & LTgE TelsLre. Bependeny
upon be airs 552 stracitre. Henle he eTWETLIE TeE WAV T ::Ar
not Bave iree-spice or prOLDd plant DLITETE WLl SEPIAT ‘.tt‘ Sesared
CBATACIEEISNCS. -FTse podsevew eml of & GO EPECIALLIES STHIET oepends
cpon {:nd;q: loranons such thit the periormance X e azieroa it e rTes~
ence of airizame i s3iads 130TT : 3 rhiracter:stics of
sach a svstem for a:rcTall instAllanion 0 ALY it TegnTemenis sdoula _
bave approxamateiv & 50° E-piane aag & £7° H.piane deamwictt.  The axis
of the radiated beam shonid cmnride wid e Lengtodinal axs o the fuselage
as illastrated :n Figure 40 . in sifction, De anlezna svetem should be

capable o radistng either ioreward >r ajt of the crady, nM samultanecasly,
Cooae
C-O-N-F-i-D-E-N-T=3-A-L '

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 : CIA-RDP81-01043R002400130008-9



L C-O-M-F-I-D-EM-Td-AL [0

ﬁm, e ’!M————EIPL[XZR \»—(_- er;gl

e

|
1
i
1

.

A BATION

i :
< 1
: T
7 i
£ R
z 2o
a ¢75
3 A £ =
i ; g. &
: o R E

: P :

5 : ’ ‘

i z v :

§ i : K

VRavsoy rrzg p V34 o e, |

: : :

Scncmaric - Fiim Gare ATRAY Arvavcenser

Dvai Avr&vaas
Sanw Jmace OrvaosiTy

FIGURE 39

C<O-N-F 1-D-E-N-T-l-AL

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 : CIA-RDP81-01043R002400130008-9



i
i
1
i

Ot

Declassified in Part - Sanitized Cop

" and the forward or rear Tiook' ‘would be dependint uyo.n whel.hz— the craftis :

going toward or away from the ;:ound station being con.aued The nud)'
was mainly concerned with determining the emsting state of the art of flush

rmounted aircraft communication actennas. Also cons:dered was exploring

the possibility of utilizing new techmgGues 1o design a system suitable for

aircraft installation.

The final selection of ar aircraft anteana was based primariiy on the
operational efficiency that can be oblained with the various proven des:igas.
Many anténnas that would grovide a 10 db gain over 3a 1sotropic source such

as arrays consisting of fiush mounted slots vertical stubs, yagh arrays. and

_helices were investigated.

It was detarmmed tl:al ia nrder m p'ov'de scme space c.ive:si!‘y trans-

" mission the antennas shon.ld. be mou..:ed o.:board on the wiags: ud de:zgncd

s0 that forward or rear directivity comd be accom ;hshed by scme mexhod of

nntclnn;

The following is an u:alyns of the anterna types mvtsugued for use -

on the aircraft: o L T | .

;l. Resonant uv.sn;m

An array of flush mounted, ‘l I, .réwmt slots was model Mod
Physically such an array ct;uid be mounted oa the ea:e:;:;;s of the -;a.gs and
;ﬂer no aer;d;'un;i: problems. - The studies indicated that due to the nature
o C Sl

C-O-N-F-I.D-E-N-T-I-A-L

Aroved for Re\ease @ 50 Yr 2014/03/04 C\A RDP8101043R002400130008 9 1

L CAO-N-F-i-D-E-N-

of flusk mount~d siols o5 a Soite ground Wane lne TAST lobe of the ratuated

energy.coid not be direcied fnrward or a8 eifcierfly, inoaul tased bt aCs

of the radiated zaftern was 23' - emove the axce OF It ZTCUDC Dlane.

Iovest: galion (L0 €XGSNTE 2SI6ITaE 66T 1T &T0 raft Lmdtzales inat e Mame

mmers and

Huweres. thie ustad

lezglh 1 adouI T

the use of Iwo atientas

ments. The prodiems imvoived 1T mouinzg sait large STrRCtures 11D am

T.‘.-ei use :u‘vi"a;i e »,'.y'4‘i,---e:;:.:al stud ptnsu';t armaw or
an array of drivea 1, 'xlve'tzcu stubs Bas been tonsdered as a pracheal |
antezca for use .::h.;tpp...uwx The smhswmdhauedammemgu_

shown in Figureds . Poa»um:g above or beiow tbe wing wouid &ne:ﬂ oath
effect received !rom the airirame on the radiated pauzerz. Suchan arnay cas
be drected forward or alt by chazging the drver eiement o the zase of e .
gnmm:unvar‘enrnn;&e;ﬁnu in thbe case of the drven arTay. M

arrays wouid be ;cynmly Abma t.be same size; the stubs T 1/2 .u:ge; &q
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uhpcehnlzmm;nmm»unﬁ»mmﬁumamnu
M.drnyhra!nqmdmﬁ< The array would be covered with
3 fin type n&m-bﬁ:bwﬂdhawwbubﬂmwmwwn‘ui
four inches wide overall. The stub array appears to be the mmpbest methed

of accomplishing the desired results.

:_d. Helices®8
A5 artesna vhat could be pod moumed 224 is quite adaptatie for

uge in s communicatiszs protlem is the carcularly polarigsa belix. A

fin type radome

ewndard £x temn, 12 to 15 degrees mich angles. helix mowmed om® wircular
ground plane has overall Girmensicns of abouw three foet long by abowt 11 ia
circumference iten inches 1o Gammeter). The pround lace would bo abset
32 inches in dizmeter. A ghesh of the projosed éermgn 1s showm w Fimre 62

Two such aniezmss mounted bk o ok with a Somrmoa ground gane

FIOURE 41 .

would provide the proper _m:unec-v:zaga.» Tae belix is & broad tasd

GO N E-1-D-E-N-T-1-A- ¥

amenza with gocs impedance characterisucs of a 175w 1tand.

END FIRE QUARTER WAVE DIPOLE ARRAY

Fﬂpwrh@tmﬁ&d&ehlkmyhm&hp--

:__5-.______
=Wy

R SN S S N B B B sy
. 1 . N
C-O-N-F-1-D-E-N-T-1-A-L -~ -

Where C, is the circumference of the helix. a is the sumber of turss, and

&, 19 the #p e turas {cemter o center). Beam widths in the ordes

ue

" C-O-N-F-1-D-Z-N-T-1-A-L
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TR I T T T QN F DB KT AL L T

of 50° in both planes, and overall gairn she order of il 1w i2 Cb over an

1801TOIC BOUFCE. aTe €abily otrarratle

wrv exte or ravITe

The heiix appears 1o D The TOET talis

ristics foT use

MOourted zLlenna avéi.alie with the proper clestniial <fa
Wt ToLnied o

re€ialion ellern

2

! Transmuited Power:,

C-O-N-F-1-D-E-N-T-1-A-L

Axrborne Uisi : 1 e zverzge
Ground Statioz (10 v average S
Mogulauor:

Singie voice cLannel LSitg sizgie sibetard modlianos wi

POD MOUNTED HIELICES
FIGURE 42

" a Yow level plot'signall .

Recerver:
150 mc - 400 mt fixed frequency, moise figure less taz
Provisions i

b Airborne Equpmnent . . .

Specafic equipment must be 1asiored 1o tne type of asrcradt and the -
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- externsl facilities avsilabie. Ia gonarel, it would sesm more dosirails t» woe
!L‘msémﬁngm-mm sise of ths actunl cloctronic peckagss. While

28 es ol . * aad Sl oy

the combined weighte of the liquid o air g

m-myxomummmgmdm.@mmwdum

de:muhnmmﬁmgchwgmudmwmn

sezlod puckages. Adz cosling requires either 3 menizum aititads Linmgtce

ora ioy for oo i Haotion to be iz 8 pr imod compartment with

probells foilure £f (e precsurs is lost.

The tesnsmiite? power S0 pregesed uss " siczle type 49 3004

_ eriving 8 peir of GLEDLY & ‘mm' quencies bering idsred hera

epd w0 Clases A3 or B Enscr azmgiiSers, a very Eigh gria w1 be resticed.

Oner sizges will regziza exly of sub-mimiziure totes. All low
' MMsaMﬁacmm;mM@mcﬁcmw:

3 Srcgitry, best Gosipath

equip ezt dasign; meking 3 use ef p==
ent brack The:

wrap-arowmd tube tields, and individusl 3

possille, the use of shock and wibration mowits mummw

T t parts and
Allpvnumlhnmpodm&%mh. taree phase decigns, wtilising

d!iméioéomdﬁnnﬁ:‘n.&gh mp «il or evaparation conled.

o A anta

5 and tled as liquid cooled 7

Th.ahshoddiaﬁﬂiﬁoa! Sulation requires te CATTIAT FO-
insertica. hmuummmduwm«m

Rt ¢

| CO-H-FI-D-E-H-TI-A-L

reuits sbould be desigaed to withsinod the eaviroment.

CICN-F-iDE-N-Tel-ACL

1.t propoRes

st pe meoe Jor the avpres Bl of e Teceives [EY =25
Lere thal il sefezente iTevienuties Bt pELErIIec oL we wrcredt e all

Sy Dt et @l The gITOunS

esTore due

Lhil el ETE eVvisablue ivr

e miure LOTILIEIE €TT0T

et TlTTess teIIImuuts

soe foroant mogh Ire-

oy gteIle TRIDLELLT

T FLing &TLUTIE Le

& 2% npur slemiy Ul seveTzi PeTiE 1L

=1 EmeleT 10 Lel pPIIPCEED

;
$l2Ton LOWE IR0 DE DIILIED B PRI Ll Bl L ETeIR. The wuthun

uf thas jeature will jowes The FUSIES SELBICLIT IV SELLTINL Bt ser-camrolles

‘mplor AXven egWIEmem., 0¥ &T exTremelT Slellt e2eCIToSA TumIy oeILe.

1n ac@ition. the IO &£ ELel WOIIE Tte De weil abive tht amee Leves A€

the wrHOTDE EQICENEN (DG B AITIEL DV selbTvElT wear LmeTierIng o

signiis. Ilnsiesan. &s wiil bt Sesl mbec Deipw. & selamaeir ampit calling

procedure will avaad the Decessiiv o aThorme XISl atlechion SO PRI

Obe exceplion 10 Uns Simnpiiiicalion Tapm be > the zase nf shlisanom od

® See ior example, Borg Egwmpment Divsinn. G. ¥ Borp Sorporabot..
Model 1500 Asrborne Freguency Snesra, WADC Eatobat WCIN-233%.

(4]

a‘x'-f-:-n-z-w-t‘i;a-z.

Decl: - . y
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AIRBORNE EQUIPMENT SYSTEM _ - e ;

several TdTITU LTI Plit 108 FLEDALE FuTD ed leletipe.

150 - 480 me RY Injoction ‘
K3 79'{2.'-’."2@ e

—0 : woLte Cametl o LT Tang ledr A Romie Tl ¢ 3

12/4 L
o Recsived C
’ Ls 1o pruTnde prelie e vt GLe seIToiTeneTIT

I
W)

Asdio |pq2i0 L!:xp1 l { Cryerai | .
O—300 - 4 ke T ] 2ExeT Fimr Mixer, L‘i
Input J i { v

10 meA333c m‘b;l

3
Avdio C= T reecer Sig.

i

A Pmrﬁ

Ant, mzkyl Two Type
acd R

6819 BF
Fower A

— Amp
i

Low Lavel

Class £72/B Linoar IF Ampe.

& 150 me - &3 me

¥

Filzer

—

F amp

T Firer

$19 me {2500 A=)

gh

Andio Filter
and

| Expander

- Output (Noa -diversity}

i

-
|

O Oatpat to Diversity Cambinez, Tilter

- _A and Expandss

JGTag 0

C-O-N-F-1-D-E-N-T-I-A-L

pee 12

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 : CIA-RDP81-01043R002400130008-9

in tee zuomi ITeTLeRcT .eTel. WS

P A N s

saTallel oimesiel atmude

FRng @0l Ao LIIETesENIT

drepomc rroge of the ITEIETINET WWeT %43 B
Legmad 18 10 Be usen. the amEiToce TI=orIl a3t L

$PeCiEIAliODs LT T 2, SETVETE.

¢. Gromd Limpme=
A tex ciocwa: VEF THT tmazemmIleris i i Aarcodariy 2500

des g profiem. Tor'frerueniies DELIF A2 I . et aTe TaXT

camces of MIvitasie poweT §. Iz e speoiTom Metwrez 5D 3¢ axe U

= the chuzice of reliare powmer aTEoler Tudes i3 THRe Lizmuted, Boo aot
impractical. Pessilie tube Ihrices Al e Sgber frequemiies are the Timac
4% 20, IDC A tetrode, the SL-olil7imode. & Tz il of sevesad GL-2i8Z

C-CoNeF-i-3-E-N-T-l-A-L "
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S : Ry S nd certais :
tetrodes, the RCA 6448 tetrode, the RCA 5805, the GL-+25:, and e tais 2 0K-FiD-EXeT-1-AL
SHOVRD STATION SYSTEM

R ) power ilystzons sich a8 the E:mac X50%. Although the h poweT gain - . Mo N
: ' g e 4

_of the xlystrons is very attractive, muc” = e aévantage of reduced dnve . wHr * ;;'" Muwr LT Crymai
v o= - —-——‘v ket — Anginte n——" Tieer LS

level :s lost by the addec regzremient 38 = 2 powes supplies. each prve——y

L. . .. - R HF Onggxt
requiring careful adiustment and reguialon. The glysiron CiTCHEITY o8 < raasmosier
N particularly difficult with singie sidedzsd mocUaton. 22 af these possible

ed proguctez, =

tube choices are expernsive, 1iT
serious shortcomings ia periormance. T
performance records of ex:sung a3
. . ! mended. In the spectrum below . twe Zzal : . ’ o
. a conventionai grounded grid triode o tetrode desiga. ‘ &
4 R : . Se— - JuesoemnTh
. : X ; P -~ . - <o L - Eazesver iz resEEE
With the exception of the A.F.C. ip, 15SE o - e eers Tuaan
' . will sbow the overail proposed ground statcn egugment w0 be canventional : ) '
I ] B e gl sy
x S
. PG,

indesign, The receiver Tequres a igh freguency i12jed oscillator with

a short term stability of perhaps several parts i3 Al The i0 mc Eiot

tered from the IF i . ’ ¢ - -

signal, transmitted by the airborne equipment, 8 5l
H - amplifier output, a1, ied and used to transpose the speech Signidis direct- Maer - Fipee .l t.° exer o oxF .}
ly to the audio range. Thus, as long as the hugh irequency. injection signal . . 10 M - T2%4C - & Xz} I
d is within 1u mc + 33 eycles of the incormung signal, a asabie output is . . Aol gy »! f LF Preee?
. . . et v ot Aw.:hj
obtained.’ - : . : : . A A K -
. ) . . ) . ] Comrgorsses - .
: ! . : v R Trassourtreg , Aakesmn | Gresuoed
1f, due to doppler shuft or airborne equipment errors, the received T Asseoms = Tene Pooer 4Gt i X
] ) - . o Frecuency - 18815 obi bho M8 \_Ammizfan;
; . . . - : Lwes b Ma - iMi 4K i -
signal is 29 great as 700 cycles off the ass:gned {requency. the phase shift - . . :: ;_‘“_‘ l‘::_“:___ ek 9“"“““‘
3 ; A ! . . . - Frequescy Lrrers ass Dxadiar Sl
. : : ; R o - o : : CO-N-T3-DE-N-The 330
: R T R ' 128
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across the second pilot signal amplifier £ites iy the ground recesver will

actuate the phase detector an! -0-motoT ¢Iive 10 Vary the local

high frequency in;eu.on freguency anc b he pilot {reguenty back to 10 mc.
1f the received signal 28 iow, the {reguency i the injection osciilator will be

raised.

The receiver HF injection 8% gnzi is also U© ized as the gEERT nd lrms-
mitter high fregueacy 81z -2]. Thus @ ZoppieT frecuency shiit ipwnwards in
the received sigaal Wil cavse the ETOWT rnd station

equally displaced .‘wa'ds, anc tre signal ~eceived at the aif

desired frequency.

The wide rauge of the possidle co.—nmne: doppieT shzfts and equipment
ert‘urs requires that the "’D\‘J‘»Q receiver r.,-z ampiifier £lters have a pass-
band extending inte the desized adudio range (éepEnd..ng of course 0D the radio
frequency choeen and the azzcrait relative velocity). To prever» speech fre<
quencies inter{er;ng with the AFC acv'.on; several yroc:durts mly be used:
offset the pilot {requency further below the speech s , which \rnuld require
;ddéﬁond equipment ip both the 3irboIme and ground stations; ctablish initial
contact in either direction by means of a 1000 cycle audio cods plus the pilot
channel, thus providing sufficient ime for synchroni.ang the gm@ station
equipment; oF establish initisl contact using:an audio filter B the aircraflt

modulator to eliminate speech frequenc ies below 700 cycles until the ground

station operator can be clearly understood by the aircraft operator. The last
. . ‘L [ . o N . 128
D-E-N-T--A-L :

C-0.%-F-1-D-E-N-T-1-A-L

cwo methods result i $in per eqpeTiest sraz the Srst methot eut eibeT

should be satisfaciory b trained operatuTs. Toa ute of & EPEIITLT

will oot result D &% msrmelis g b
ipitizl conlact 8 made By Lt &
missions will cesuit.  Suouc W
speech freguency

tetlipbie, BOWEY

can correct the signel T - :
seconds peiore re;pﬁnc.r.
simpiest and oE! reiiztl

szt s{actOTY OPT rationzily.

After each conlalt =e
sorrmal freguenky OF opeTening A

1 of e servo comaro:

1f 1t :5 desiTed 10 have the grouns sELO3 simuitaneousiy momoT
and-contact sev:ert.l aircrait, the ersor :at:;tnz; systen proposed
here could be modified w cause each recz‘Aved sigzal and padot 132 o
vary the center frequency of the assocsted sub-carmier in e grouwt

station transmatted sigmal. A guard band of 1400 cycles wowd be used

the inal bang extremes of each sub-carrier.
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A. IMPROVEMENTS TO MILITARY COMMUNICATIONS RESTLTING FROM APPLICATIONS
OF THE BEYOXD-LINE-OF-SIGHT COMMUNICATO2S TECHIQUE

The impl ioz. of beyond-tize -of-sight teckniques at UHF extends the I
commumcation range of mlitary ?J"ru commazd radio eqmpment frocz sbout . !
170 miles to mwore thaz 40¢ or 340 =iles a alztmdes of 20,008 feet iz the Avctic. !

rarzes are greater im Midlaritcdes. Tiis kas zeex dammonstrated iz Fizure 29.

of the grommd-air-range at frst lock does tot agpear B

cility rmeetizg long szoge requirermtents.

Yet when tkis m’:l_cg‘:.ﬁity is placed iz z::.e coutext of the USLF Wor'.d-rxén

/
1

IV. IMPROVEMENT.IN MILITARY COMMUNICATIONS . rozd Pcz::-fc-?:z::: wa Syste= (System 456....) Eighly reliaile

\

performance characteristics 'mcm—.:e arraress, as sared with the T

POp—

use of gk freg ym"“' ‘"mwmmm

Fim. laumnmm;&»r&;‘v;%muamgg
today's operatioa. Asshr:n:nk*mﬂ :htur:agrm:ék:ku@
me&mmz!sem:nlmwmem&mm Beew

d:heu:md&ch;h&equzxyu urtopuzdnmudm

|
R

to-air command trazsmsssicas cszally n@n a coasiderable armount of time

i .
plus a oumber of test trazsmissions at several freq ies to £=xd a ck ]
M ‘ : o All active USAF bases will be zetted. by several differest propagation
. modes, th form the Worid Wide Comrruzications System. Itis apperest that &
A wop o L _ S '
C-ONTI-D-EN-TotoAe C-0-N-F-I-D-E-X-T-A-L :
s “
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" rel:able point-to-pmisnt comm rication cirmit exsts o anv USAF case

a mesrage 19 ectered into he growad

With this #ulosophy 12 maiad, 1l SOW Tenome

RTING - 8.0.C. 5. AND SAC COMM.

¢ at 20, 0CQ feet)
plus a scafter coverzge sxtazged by at Least 2% s« —ore. Tizs service is

generated by @ dzai grow=d imstailamias; ez s=ciizrecmscal service of the com-

ver=ic=al tvpe of UHF command commimilianos. s & iual UHF scamer R

CATTHA Y
—— STATION _

groupd-air lick, Oze scatter :r..:; covers the left 2alf of the service area;
the other the nﬁ: aaif. Tt . & i the ngceua& uge of RIgh gz unms
whick Bave a 17.5 degree bearmmwicii. : LTV Mn
Figure 30.:'\5 the scatler circiIt are more an armple o provide the sazme

{08 ke chacaels as iz the UHF cormmazd allocatioas.

Mummb‘&ilmzoueg;unm;‘nutreluhle'.nc.(.—ugt'

FIQURE 48 - EXAMPLE OF PRESENT COMM. REPO

commamcations chaznel for:

1) A SAC Bomber o= a mussidxz from Presque Inle, Maze o -

2} A MATS Fligat from New York to Lozdos. Eogland. i

C-0-N-F-i-D-E-N-T-i-A-L
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. 1. TYFICAL SAC MISSICN : /oD 2%,
S

Py ’\wﬁ
Shouid hostilities ever break uut, a typical SAC mizsion might be staged , \(‘\ o/ /&

I~

out of Presque Isle, hfaine to striks in the area of Moscow. In Figure 43, is

shown euch s fight path. L UKF ['4 d to air stati were instalied

shown
poar Presque lelo, Malng; Goose Bay, Laborador; Karseresuak, Greenland:
Reyhjavik, Icelond sad Trodieim, Korway commurication with 935 o better

-reliskitity would te provided o e ertire mission. These bages are sepa-

rated by less thzs {12 miles e0 consinuons coverage is provided. Tks bices

nlc’;.ted-iar this excmple ere slready in use by the USAF or in friendly
countrics. Duting this extire miseion, & SAC sircraf commander could be
. ; W .

in dircet coziset with his home base by usiag air-ground UEF commard-

scatior commuzicaticas flus the USAF painz;w-pint ground nat. Of parti-

In MATS operation, minpmmt-mﬂnforihiﬁ*ﬁim

For tids corridor, the UIIF ground stati could be at B B hur s#ts,

Gandor, Nuw.pcm-upmuuuun'nuwuszm'

porth latituds and Cork, Irelsad. mumwdhmmhna ,/’

thas 839 miles apart. There is another interesting by-product in the wse of ;0

ikis concept. Siace these communicaticn links eperate ot UHF, nudﬂy
C-0-M-F-1-D-E-N-T-l-A-L
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possible to transmt from the ground brecin :uvxgal.on dzla of the VORTAC

airborne antemna will Tequire some but modest aircraft modifications for
(rho-thesa) type, and 80 provide fixing data also. This fanmy would increase

its installation. Suggested airborne and grouzd based designs for antarnas,
the allowable traffic density for transauantxc great)y . :

transmitters and receivers are given ir Section IM-C.
===
In summary, the implementation of air- gro F tropospheric

scatter for extension of range will increase the operational communication AEW APPLICATION

capability by: Siudies have been made Previsusly of application of lmmaﬁuﬂc scatter

1) Providing at least 90% reliability of communications f{or to AEW aircraft comm;;_..g;ﬁga It was thought desirable to mh dual

important.long distance Right paths. usage, radar and communication, of the equipmnent existing in such aircraft

2) Requiring the .use of UHF

for the radar function. During the radar antesaa glow €22n. parhapa fa:
an entire mission, sector of atout 36° or leu the radar would switch to thn low L;igmﬂ"-

3) Providing effective long range communications to aircraft . ‘rete ;xﬂ.u coding at zbon the same d:axy cycle as for radar, the sector

with the very limited possibility of detection of the scattered energy by | being generally contered oa the direcﬁoa of the ground ur::dml.

unfriendly listening posts,
Prt&mm_zy 2lculations indicate Bigh relu.lzh:y for 600 miles range

4) - Providing precise naw.gatmn data during the entire mission, )
) L . : ’ vader such ulu.nymm Studies of mod..la:‘.ca techmqnn are continuing,
if desired. : e C L . R . .
5) Prmndmg a long range communicauon capal’nhty which is

q\ute lmPEMO\ll to enemy ummmt

The uﬁc'ipa:ted improv;m;nu which vnlx a?érue vby the ﬁae of thig
concept are sufficiently great that every effort should be made m Justify
the theoretical data with e:;p;rimental results. 10 kilowatt UHF ttuu
mitters £or ground operation are already well within the state of the art.

The ground directional antennas can be readily designed and built. The

C-0-N-F-I-D-E-N-T-I-A:L’ c-0 u.r.x:n.n.u.r.;.*.;, :
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V. SUMMARY AND RECOMMENDATIONS

Studies were conducted of propagalion phenomena and applications o USAF
air ground commumcations, using s & 325:8 the Teport of Ames. Marun and

Rogers®. The results 'h:rc have been exiended under the study program.

The studies indicate the supemority of UHF tropospheric scatter for com
mumcations reliably in tae Arctic for ranges of :=pio <00 o 00 miles at kagh
i : : ¥ k
altitudes and thus far bevond-horizon.
A aew set of scatter 08§ curves and distributiozs of hourly median values

{slow fading} were derived. The curves are extersions 10 Tanges of 500 miles

" beyond horizon, covering the lotai distance ranges cor:er*paec. A wealtk of

" data was used as a basis:

Mclhods were erployed 10 obxain the Tadio tine -of- sx;nt (€p) v8 ar:nﬁ
altitude for conditions typical of the Arctic, Midlatitudes and Tropcs, and

were based upon Weather Bureau meleomlupcal data.

A method was used for extending the Midlatitrde curves of scatter loss to

other ciimatic regions of the Arctic asd "'mpcs. The iosses ar: greaterin

Arctic and less in the Tropics. Some expersmental confirmation 'valrlomd :

for the Arctic but considerably more data are needed. -

¢ L. A. Ames, E. J. Martin, and T.F. Rogers, "The possilnlity of extending

Air-Ground UKF Voice Communications to Distances Far Beyond Radio Horison, "

CONFIDENTIAL, AFCRC Technical Report TR-56-111, June 1956.
38
C-O-N-F-1-D-E-N-T-1-A-L 49.,,5 e ‘

e s o b b

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 : CIA-RDP81-01043R002400130008-9




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/04 \VRDPB1—D1043R0024001 30008-9

[ CON-FLD-ENTLAL €-0-N-F-I-D-E-N-T-I-A-L

- i i idered to be due to a term ° ) ; i )
arewacs "O" i8 db belo free .'P‘CG * :}‘nl\ ¢ X ‘ wings, switching for forward or rearward directivity (50°* x 350° bearns, 12 db

iten drt.h aperture-to-medium
L, (db) appropriate for broad beam anteznas and the apertur gain). Several ground anteana designs are sugyested (2 1/2° vertical oy 17.5°

ne. Kecent revisions in estimates »f Lo '
coupling loss L (db) for narrow bearas ¢ < . 30 uing, Dot diversiy wod ¢ used here s o

s scattering (r = 1/3)
were used § - & length spacing. Pairs of such diversity antennas would be used, one pair for

’ catter parameter varying inversely with height squared. This R . . . _
sndas g P & a forward direction and the other for the rearward direction to perrat required

e of L. was employed in anal rzing experimental data :6 obtain our esli- o o .
mat ¢ eey yring expe ! coverage. Supplemental broadsr beam, (3C*) short range, non-diversity

mates of Lg ve dg. R .
s J antennas {paraboloids} would be ised. Ground transmitter power is 10 kw and

¢l ‘ading range factor Fp is employed when specifying aircraft transmitter power is 1 *w,

rformance reliability expected. It is larger thaa the slow fading factor Fg : .
P TR P:n..;hed perfox"ance of. suc“ 2 system 1s in excess of 400 miles at

is em than the sum (in db) of Fj ‘and fast fadin factor ' Fy. usually °
and fs emaller e su fia 48] : & - high altitcdes for high -ehamhxy in the A—cnc.

‘. discussed. Fp 'istakenas the root-sum-square of Fg and Fy, for muld-

*. stage diversity. Thus 99% rehabzhty means’ 99% slow fading and and 99% fast The ope'auonal sy sum studies tadicate "Coméori" or "elongated cells”

'fading. §00 miles by 120-150 mﬁes"ma) be used i a network to sohe nr-ummd
communications with gk speed SAC and MATS airc 'ait .\yp::a.\ :nmplu

Uling the effective duta.m:e cnm:ept the hexgh! gains were derived for high ) o : o
. of mssions were laid out, using some existing ground iermmz.h for relay.

AL

altitude l.trcnﬂ. Predictions are given £nr thc Arcnc. Th iﬁcwﬁ“ wae naed ; ) : i ‘ :

to pred.u:t values to be compared with recent AFCRC data at 40, 000 feet. - : ~ . Alarge bibliograpny was assembled of mate rial used in the studies and

Agnement within an error of 3 db was obtained between predu:ted and measured _ . 1s attaclied 28 Appendiva.

values dix C). ) . i o O
(Appe ) In order to check our predictiont, particularly in the Arciic, itis

A sct of system prﬁneterl is proposed for a system design, using SSB. ) recommended:
Dual spaced diversity, ground and airborne, is to be employed with vertical ) o 1) more data be obtained, graund-w ground and p‘mcululy
polarisation. Airborne antennas vould be pe-muﬁtﬁd" uadez and cut on the " air-to- -ground at lugh altitudes. ‘rhe data pertain to ngml loss ud fuhn'

o =

charactemstics, and are lacking umcu!nlv in the A:cﬁc. :

: L s c-o-n-r-l-n-t-n-r-x-A-x.
C-0-N-F-1-D-E-N-T-l-A<L - v : .




Declassified in Part - Sanitize
d Copy Approved for Release
, @ 50-Yr 2014/03/04 : CIA-RDPS; R
-RDP81-01043R002400130008-9

C-O-N-F-1-D-E-N-T-I-A-L
' 2) detailed nudiel‘oi the short-term fast fading factor should be
ma‘da at higher altitudes at various distances and with different airspeeds
to assess effects of diversity, do;;ple:, ad :r.-odulatinn.
3) ‘further studies be made of rough lerra‘in effects in the Arctic,
particularly of positive horizon angles and nobstacle gain'' phenomena.
4) before finally Aetermﬁmng detailed 1!’.‘&;\33 characteristics,
model stud.iel.’perhaps 10 to 1 modelling scale, should be conduczéd for
the antenna designs suggested for both airborne and sround arrays saggesied.
5) an experimental ope rational setup should be imv;!e;-nemeé‘ e
immediately. It is :ugg:ated that our 800 by 150 mile range couragev
contour be planned, uui‘ng the su;gé:ted antenna arrangement. Oue pnuibie e
location for the !on‘vard and rearward coverage ground station would be at
Plum Island, with flight paths irom New York-New Jersey arez to :h; )
Newfoundland direction. Communications poienti.a! ;nd reliabi-lity_ plus
prapagiﬁon;l dau would be om&.
6) further studies be conducted on th; feasibility oi ngimultaneous”
radar and communications for AEW aircraft using UHF tropospheric scatter

‘and essentially the AEW radar equipment with modest modification.

C-0-N-F-1-D-E-N-T-I-A-L
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2} detailed studies of the short-term fast fading factor should .‘se
made at higher altitudes at various distances and with d;ﬁletent airspeeds
to assess effects of diversity, doépler. vad -:;)dulation.

3) further studies be made of rough lena.in effects in the Arctic,
particularly of positive horizon angies and "obstacle gain‘' phenomena.

4) before finally determining detailed antenna characteristics,
model ltudiel.vperhaps 10to 1 modeil‘xng scale, should be conu‘uct?ii for
the antenna designs suggested for both airborne and sround arrays nuggest;d.

5) an experimental operational setup should be implemented o

- immediately. It is suggested that our 800 by 150 mile range caveraEge

........

contour be planned, using the suggested antenna arri.ngemeni. Cue pr,s‘sihlve '
location for the forward and rearward coverage ground station would be at

Plum Island, with flight paths irom New York-New Jersey area to the

Newfoundland dir . Cor ications p ial vand. reliabi.lity plus
propagaﬁona; da;a would ‘be obtained. )

6) further studies be conducted on th; feasibility of "simultaneous”
radar and communications for AEW aircraft using UHF tropospheric scatter

and essentially the AEW radar equipment with modest modification.
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KADIO LINE OF SIGHT COMPUTATIONS FROM REFRACTIVE INDEX PROFILES

1. INTRODUCTION

It is often required to compate the radio line of s:ght between elevated

. : antennas given a knowledge of the refractive index profile, i.e. the variation

i ) of radio refractive index with height, H the ,:roﬁle 18 ¢nal\'\‘zc then often it

is possible to calculate lhe line-of-sight directly. M teqn, the profiles . -

are obtained from Raw‘m Scnde b.slloon or o»her reasure'nems In such case:

a piece- Wise summation can be used as oulhned below. -
X . ‘ 4
VII. ' APPENDICES ; . e e T .- T
2. SNELL'S LAW OF REFRACTION - SPHERICAL ArLlOSi’HERE
f

Consider a spherical earth and a sphericall\' umiform almosphere From

. . . : . . geometrical optics, it can be shown that!

[

ior a ray .e.v‘ng the: »anh

R | | Comegean S o

where n 1s the refractive index, ds is the scalar arc .tngth along the rly

C L : ’ and dp is the differential of the nosmon vector l‘or points on the ny._ A

. ' point on the ray has a position h and grad n. dnldh. a vertical vector.
. :v, Let ﬁo be the angle of departure (or arrival) measured above the honzontal

- /o . .
at the earth's surface where the refractive index is Ry. Let B) bea similar -

. . "

: ; : . angle at a point h) above the earth where the index is nj (thé angle ii

} T o Sl 149 measured above the normal to the radius vector froﬁ\ the center of the ,elrih.» :

: ' , . R . S ase s
: * UNCLASSIFIED. .~ - = a o N ‘ 0

1 Wnis 1o s s e A

-| - 13R002400130008-9
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. ath= )u). ‘Thcn it canbe « own that ("l) becomes
- 8o that (4) becomes

. : h o -
B 1
ng cos B, ny ’.] t37) cos By = n, (1 +-:—z-):osﬂz
constant

h
n{l+ 3 Jcos B .
3. LINE-OF-SIGHT DISTANCE

where B and n are appropriate to height h. Equation (2) 1s Snell's Law Let us choose a coordinate system such that x is the great circle

distance measured along the surface of the earth corresponding to a point

for a spheric;l earth and atmusphefe. where 2 1s the earth radius?

K on the ray at (x,
Denoting by N the modified refractive j i urfa

; index at keight h for a spheri-

. " o from the earth's surface. -

caiearth, i.e, N = n(l+=) = '

Mo l.e, = n 2 ) = n+h/a, and by M the excess modified

Then

refractive ind N ! : i - ;
ex such that M =N -1, we may obtain several useful relations. . dh

¢ h
s i . i v v tan3 (1+3) .
In most °f“_h9 work the angles B, B, B;, etc. are sufficiently small :
that- . - ) -~ ’ 2 i e Let Ax = X) - X} be the increment :n x corresponding to N;io points-at
: cosp T 1.2 . . L
- : (2. hy) and (x). h)). Then
cos 8,712 8,%/2 - : B
; TR ~Xs

etc. - R v : . . o -
TR K : . - = x)

Hence (2) becomes : L
N or approximately -

ax = ng cot B dh = (colﬁ)l_z Ah
( .

g2z
Na-B) =Nu-b
P2 - 8,2 S 2(N-Np) = 2404

o where (cot §); , - is the average value of cot B over the height interval v
whence * B

p=JBv+zan P : S . Ab=hy-n.

AN = N-Ng = (N‘ “D-No-1 : v R For the case under consideration Schulkin® shows (see also reference )

b+ 8 !

. % AaM i )
. (cozp),_‘?(gm) = ¢ 3 )
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Bos [l z(ul-mo)‘"

b= [B,2 4 2My-My ' (10)

Hence {8) becomes

h, - h
X =% = 21 (1)
Pm
1f the profile is analytic and the ﬁ,suhing equation‘(.'.’) can be ‘mtcgrated,'
then the line of sight ig dete:mined‘from k7) with Bo. set equal to zero.to
give the tangent ray.
Otherwise the line-of-sight is determined from summations of
" incremental Ax values from (ll).. If B, = 0, then
B2 = 2y - M)
XERTREN
etc. s .
o B =20 =M : : R ]
and : :
o« Bt Bl ‘
‘2 (13)
and . :
. -h Ah
Ad’-h‘ b.1 B — (14)
B P

18y
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-t

whence the Iine~of—s:§ht d is gaiven by . .
4= 3 ad : ' sy

w {o7 the U.5. Standard

Atmosphere in Reed and Runel\s.

b (ft) o 2000 4000
o {n- 1 x10® 3243 [ 298.8 215.7
:_* % 10° 0. 95.7 191.4
M x 10° 324.3 394,53 467,1
W ’
8,2 S o
5= = MM, (109 ) 70.2 142.8
B2 x10b 0 140.4 285.6
B; (mr.) 0 11.85 16.96
B, (mr.) 5.925:|" 14,375
Ah fr, - 2000 2000
Ad mi. - 63.9 26.4
d imi, 0 63.9 .1 0.3

4.  OTHER PROFILES AND LINE-OF -SIGHT

Estimates of the line-of- sight for various bilinear profiles including

the 4/3 earth radius case. These were: .
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\

’ Zone {ng - 1) x 1087 :m“"— g
. . H“@é 1‘";&“_ L . 400 E 20.52 . - ) lation was repeated using segments and equation (15}, the results agreed’
SRR  "Temperate ... 365 RS X )| e a
I
—]

within 1 t0 2 mules. The resuling curve of 4, ve hy for he = 100 £t
Dry Polar 00 Fasie agr=ed very closely with ou~ c.rve for M

iges shown in Figerel

— . fes . o i " z.
The results were useful in a preliminary fashion for propagation studies for of the bady of this Report.

high altitude air-to-ground transmission. However, data from actual Weathcr

Bureau soundings were actually employed which were published by Ratner®.

5. REFERENCES
The refractive in.lex was computed from .

i. P. B. Tavlor, Atmospheric i n. Microwave Propagation, ™

(a-1x10® =7y % (1'+ 4800e/pT) - {16) R
where . v . .
- n.5 refractive index .- 3. M. Schulies,
- B Atmosphere.
T = temperatare in *K May 1932
p =" total pressure ia millibars (Pe\‘* o - 4. F.S. ‘\"oads, ‘Advanced Caltulus,  Gins amgd Compary, Bo:tu:r -
. - . L . Massachusetts, :.1934. : .
= rtial pressure of d. ur S e . | LR ! ’ :
PF Pa. T Ty, . . - L o 5. H. R. Reed and C.. M. Russel
e = water vapor pressure - o o 8 - R : Propagzt:on.’ paye =3, joas Wiley and Sors, 1%
Profiles were then drawn for the Arctic (Fairbanks, July), Midlatitudes -~ . -« . - ®. B, Rawmer, ‘Upper Aur average Vaiues of Temperature, Pressure, -
: RO . : : . and Relative Hurmidity over the Urnited States and Alasika, " .
(Washington, October) and Tropics (San Juan, July). The results are & wn i N U.s. B‘”’_“"' Dept. of Commerce, Washingtoz, D. C.. May 1945..
in Figure 1 of the body of this Report. T o . AR : 7. B. M. Fanminand K. H. Jehn, Trarsactions IRE, AP-5, No. 1,

pages 7i-77, January 1957.
Ahother model profile used was the reference profile of Fannin and
_, Jehn! given by .

a-1x10% - 542.9+4.854 b, - 100.86 FOTEXTR an

* where hl il the height in thousands of feet. When used in eql;\lﬁon'(ﬂ the
result can be integrated and the line of sight calculated directly. The calcu-

YT
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APPENDIX B

TRANSMISSION LOSS CALCULATIONS AND DATA ANALYSIS

1. TRANSMISSION LOSS EQUATIONS

In analyzing available data in order to come up with predicted trans-
migsion and scatter loss curves, one finds the bulk of the data is givenin
-te’rms of ghstribuhons of hourly medign values ‘of received fower and
results from use of singie antennas, usually identical. ‘In such case,
equation (3) of the body of the Repgrt may be rewritten as
L = Lfo, Ly + L -L'L‘,‘-t.‘;}.{-t‘;’T ‘,+ i-‘.

t.he fading f: ctor I-‘ being set equal to F, and the d:vernty gam being set -
4 T 8 q s l

equa.l to zero. 3
The antenna gains Gp and Gp were moslly measured va.lue.. The‘
value of 'L ‘is the rat:e of !r_w.ow'- tranemitter power Pp and the known, |

median recexved wer P Va.lueu of slow fadm factor were obtuned
P° R* 8

from dutnbunom of PR for the most part using totalizers. Occuloxuuy'

valuen of LA are ngen or lu.mped in with measured Gp and Gg.

The value of L, 'w" computed using the methods outlmed, in the
body of the Repon Accordmgly. vlluel of L were obtained from
measured da!a (plus calculated Lfo and Lc) according to

Ly(dl) = Py (dbw) - Py (dbw) - Ly, (@) - Le (db)

! "L (45 + Gp (db) + Gop (db) - Fy (db)

(2)

157
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Teceivers at Rive rhead (wmler only).

and the result gives the distrisution of L, accor&ing to Fy.

)
o

Where possible, the ter.ain profiles were taken into account in order

to obtair, dg from dg = d- g - dT' This was true in the Lincoln

Laboratory datal 2. 3.4 . This was also true in Syracuse University

data’ on the Lexington-Syrac se

gion-3yrac se 915 inc link studies jor AFCRC as well

as the Arctic 420 mc link data furmshed by E J Martin. The préﬁle

A .
iniormation for BTL's data in Newfoundland ® was not available in def

were analyzed ior summer 50% and

90% values, complete winter distributions and yearly for the various

C:swiords Hill, Alpha and Winstor.

Salem. Data at DeW) Rose AO tober 1956, 800 'mles 4‘2 mc) were also

employed
The lfesulls led to the :urves of Fzgdré 2 m.!hc body of t};e Report.

2. RE FERENCES

!. J. H. Chisholm, P. A. Por!mann,

J. F. Roche, Proceedings IRE, Vo
. ‘October 1955,

J..T. deBettencourt, uﬁ -
lume 43, pages 1317-1335,

2. Same authors as (1), Linco|

In Laboratorv Techmcal Re rt 84,
26 September 1955, tha

3. . See Reference 3 in tody of Report.

See Reference 4 in body of Report.

wn

J. H. Dienst, F Farner, R. Wyrnk S Goldm;n Svracus

. : e
University Interim Technical Report, November 1956.

- 6. K. Bullington,

W. J. Inkster, and A. L. Durkee,
IRE, Volume 4

3. pages 1306-1316, October 1955,

Proneedxngl
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TR L edan,

DATA AND ANALYSIS OF AFCRC FLIGHT MEASUREMENTS = - 2. REFRACTIVE INDEX DATA AND PROFILES
(MARCH 8-APRIL 1, 1957) : : ‘

Meteorological data for each day of flights (except March 25) were

furnished, from balloon ﬂighls at Portland and Sable Jsland. A sample calcu-

1. INTRODUGTION
. . lation of modified index N =n - 1is given in Table C-1..for March 8, 1957.
Additional flights were made by AFCRC Communication Laboratory in

March 1957 at altitudes of 38,000 to 40, 000 feet. The flight and balloon The values of N were plotted and an average of the two curves was

iounding profile data were made available. computed A sample calculation of average N profile to tvpfy the day's

flight is given in Table C-1I, for the same date.

The flight data were in the form of graphs and tabulations of.10 and

. 20 mile median values of transmission loss vs d..-.an:e. The balloon data The line-of-sight, for a ground antenna height of 80 feet dp #12.7 ml’

were in the form of graphs of refractive index and tables of meteorological vs aircraft altitude hg was then computed using the method outlined in

elements and computed refractive index vs height at Portland and Sable : Appendix A. A sample calculation is Qven in Table C-1II for March 8, 1957. "
Island.” "~ : h

The computed values of line-of-sight d, for an 80-foot transmitter

The refractive index profile data served to obtain h’ne-n!-ligh! dy. height are shown plotted in Figures C-1 through G-6. for Mar‘ch 8. 18, 22,

for a ground antenna at 80 ft, following the methods. of Append:x A. They 27, 29 and April 1, respectively.
also nrved to obtain the appropriate values of k for use in comvunng !he

diffracted field component, outlined below,, 3.. CALCULATION OF DII-;FRACTED FIELDS .

. The calculation of field strength and transmission loss just beyond
In the scatter region, for the month of March 1957, we used our )

. horizon follows the methods outlined by Norton! and given in such \en-.
values ov( scatter loss L' thourly median) exceeded 90% of the year to :

. as Terman2. However, some of the values required extensions of available
typily the month values, from Figure 2 of the body of the Report. With -

X tables or Eurvea. and these were computed from the imtial theory outlined
appropriate allowance for other losses, with d, = d- d, our predicted ’ '

by Norton. Also it was nécennry to take into account a non linear value of
& obtained and compared with ) ;

160
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: S e L T IR R TABLE C-lll (cont'd) "
c-m‘ . el »" g . : i . . " _' o . . . X . N A. : N
TABLE ¢ T e T ; L " s )
Hoa : ) o R W) Ng1079 " My(107% - pog107Y Bm(107) " ady(mi) 4 (mi)
For Marc! - : : -
To Determine The Line-of-8ight Curve : .
[P 0 39 - Ny e o 0
From Caleulated Values of Index of Refraction For That Day » ‘ | 30,52
: 500 34 6.3
{ght at 80 Ft.
Transmitter Height (h,) ‘ s 12.62
8.7 ’
9.5 9.95
d{mi) = d (mi) # d'(m_i) 11.2- 8.45
dylmi) = (th(m‘ = 12.65(mi) 12.8 :
. : ERRL : S 81.59
Adymi) © L . S S 14,3 6.62 _
S e S ¢ - S 3000 287 430 15.0 75.5%  88.21
Adgm = AnM S : v 15:6 6.7 ‘
B (rad) _ L : g » _ . . :
o _ SR 3500 282 49 16.2 ,. 8L.73 - 94,33
ARl = by (f) - by (1) N : S ST s S
. \ . EEER - C ) P © 4000 N 278 467 A3 : ' 87.40 . 100,05
L My e v I ) RGN N S ST e o 17.7 0538 0 S
R e AR © 400 267 482 181 : 9275 105,40
. o ) . ' . 18.5 s.1 . .
Ny somgolooo L . : < S000 - 259" T 408 19.0 S 97.86 110,51
R o S R BN 195 7 4.8 ,
a 't radiusofearth = 20.9x 108 (&) v o . 5500 254 v s 0.0 Lo 102.71° 11536
: N T ST ‘ - : 25 e - '
By = Af2Mp - M) (rad) . _ B 1) A e 102,33 119.98
: FRRRER S : R s ' 2.8 X : 3
s . Ba t B (rad) e © 65000 247 558 . 2.9 ' ' ML 12438
mos e , . : : 22.4 a2
' . o Lo . T000 . 243 - s78 2.9 ‘ T 18.95 128,60
Mg - = Ny = 3182107 : : Ll 2 23.3 - 4.06 :
e 7500 239 597 A 120.01 13266
g T S T : . - = 4.1 L.y
A o ‘ 8000 238 617 2.8 123,94 i36.59
A o , o : 4.9 80 e
X . 850 23 637 25,3 - 201 140,39
- T BT e ;
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by N (1076 M0

9000
9500

10,000

+ 12,900

12,500

13,000

13,500
14,000

14,500
15,000
n.;:. 500
16,000
16, 500

17,000

17,500

227

223

199

196

193

189

183

180

176

169

168

657 -

677

797

817 -

838

858

900
921
941

962

982

.- 1001

26.)

26.8

24,5

28.9

35,3

35.9

36.4 -

me

il CAIU (cont'd)

26,4

2.2
21.9
2.6
29.3
30.0

30.7

Beti0™Y) Bm107Y ad imi)

- 3.59

3.48

3.39

3.31

3.23
3.
2.97

2.85 T
16641 179.06

2.80

.14

d,fmi) - djmi)

131,42 144,07

135.01 ° 147.66

138.49 15114

-
'S
-
o

- e
-—
v
w

145,19 157.84
148.42 161,07
151,59 l6d.24
154.67 167,32

157.69 . - 170.34

160,667 173.31
163.56 176.21

16921 181.86

171.95 . 184.60

174.65 - 187.30
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e
!d. 000
18, 500
lé. 000

19, 500

20,000

20. 500
21,000
21,500
ZZv. 000
22,500
2,000

24,000

26,000

28,000

30,000

32,000°
34,000

30, 000

38, 000

- 40,000

139

Ny(i0™®)
160
157

155

135

130
‘u.9
10
100°

9

1979

R -3 iy
My(10 ) By(l0 ) . Byilo™)

1020

ué; .
" 1218
vl'z3v4i ‘
‘l;ﬂ
b'nsz
" i
lséi-

‘1623

1m

1800

1889 -

.5

38.1

38.6

39.2

D397

41.4

41.9

42.4

42.8

43.8

45.7

47.6

49.3°

51.1

52.8

X

56.2

51.6 -

37.8

38.4

38.9

39.5

" TABLw C-IU (cont'd) . -

Ady(mi)  dy(ms) - d(mi)

|

2.5

2.47

2.43

2.37

w
w

dos dy + dp 22187 mis 219 mi

185.04

187.5¢
190.01

192 44

1971.69

200.19

202. 66

214.49

216.76

219.01
21,23
oo
23404
242, n;

249.98

-257.53

264.82
271.89

278. 74

285.39
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FIGURE C-
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) index gradient. An lppmnnﬁnon was used henre. At low hc:ghﬁ the appro-
pniate value of k near the surface was used. For the he:ght-gain factor for
high heights an average value of k was used from the relat:on dRZ =1 5k h.R

where dg was the value appropriate to }'.‘R ard obtaired from the profiie data,

as given above.

To assist calculations. several additional tables.were compiled and
these are given in Tables C-IV through C-IX, for various quantities and vari-

ables, particularly k, used in the work.

For loss computations, a table of free space loss between 1sotromc
antennas is given in Tahle C-X, for { = 220 mc.

,

: L \
Finally, a sample calculation 15 given 1n Table C-XI for computing the

transmission loss between isotropic antenzas for a ground height of 80 feet. . .-

an aircraft actenna altitude of 38,000 feet, f = 220 mc for March 8 using the

index profile and line-of-sight data for that date.

The computed diffraction losses are shown in the curves of the next

section,

4. . TROPOSPHERIC SCATTER LOSSES AND HEIGHT GAIN Gy IN THE
REGION FAR BEYOND RADIO HORIZON : .

The basic transmission losses were computed for the scatter mode using

the methods of Appendix B. It was assumed that coﬁplmg loss L. was small

(actually the loss L. was computed for the assumed ground and airborne antenna

173
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TABLE C.qv_, *

Mgy & =27 - 16.31 (g'2'9
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9 Mg Mgy &
9. | 1L18x10° | .18.56
10 1 L7ox107 | 35 49
n '2.60x 1078 -151.68
12 420x10°% | 167,52
B 5.70x1010 | 164 g
14 9.40x 1010 | 00 52
15 135z 1071 | 17,60
16 220210712 | a3y 16
T 3.20 x 10°13 -249.88
18 4.60x 10714 -266.72
19 | s10x100"% | 80 |
20 1.20 x 10-15 | 08 42 |

| £-195.9892 4 20 105 x~4/3
Eq dd E
log k| 4320k | 2010g k™3 | £y gy o
'0
10 |o ) 0 -195.99
L1 1 0.041393] 05520 | .1.1040 -197.09
1.2 079181 | 10558 | -2.1116 -192.:
L.25 1 056910 .12922 | _3.s0u4 -198.57
L3 nsess| asiee | o3o3s -199.03
1.333 | 124612 | 16614 -3.3228 -199.31
1.4 -145128 | 19484 | _3.gesg -199.89
15 2176091 | 23478 | -4.6956 -203.69
1.6 2206120 | 27206 | .5 4¢3, -201. 43
TABLE Civ-




-274.4

-281.8
-298.4

-314.6 1.315.7

<3314 -332.5 -333.5
-347.7 -343.8 - -349.8
-363.5 -364.6 -365.4

TABLE c-vi. -

\

- Eo,ofmy W * Eqiuap (994 Migy ey

o [ Tz | as el

.iss.og 19717 -198.1 -199.0 -199.3 -199.9

Values of E°i°/!:° (db) .

-316.7

-380.9 -382,0 -303.0 -383.9 -3¢4.2 .304.8
-356.5 '-397.6 -398.6 -399.5 -190.8 .208.4
4134 4145 4155 416.4 4167 4173
=429.2 '-430.3 4313 -432.2 4325 -433.
“445.9. -447.0 -448.0° -440.9 449.2 449,
AT0.4 4705 4725 -473.4 -473.7 'w474.3
4778 478.9 -479.9 -££0.8 -4o1.1 -egl7
4944 495.5 4965 497.4 -497.7 -ge5.3

TABLE C-vI
togCp =1.17844 ¢ 2/310g &
1 2/3
€= t—1 )k
6.6307 x 10~2
k log k 2/31og k  logCy
X 0 117844
L1 041303 .02760 1.20604
L2 079181 . 0s275 1.23123
.25 ° .0969i0 06461 " 1.24308
L3 L 3yds .0759 - 1.25440
1333 124602 .08307 1.26151
1.4 46128 .09742 1.27586
LS . 176091 11139 1.29583

1.6 + 204120 13608 131452

roved for Release @ 50-Yr 2014/03/04 CIA—RDPS']—O! 043R002400130008-9

Cy

15,081
16.071
17.001
17.500

17.96¢
18.260

18.874

19.762
20,631
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5.44320
0.79057
-173.7

-252.8
~268.6
-284.4
-300.2.
-316.0
-331.8
~347.6

. -363.4.

-379.2
-395.0

-410.8
-426.6

~442.4

4.69576
0.82533
-173.0
-255.6
-272.0
-~288. 5%
-305.1
.321.6
~338.1
-354. 6
-371.1
-387.6
-404.1
-420.6
-437.1
-453.6

80 x

1.
3.89672
0.86417
-172.2 -
-258.6
~275.9
-293.2
-310.5

| -327.8
~345.0
-362.3
-379.6
~396.9
-414.2
-431.8
~448.7
~466.0

= -168.3 -
Eo.0/E, db) ® C4 ~ C, d(mi)

Cs
1.333
3.32296
0.89320
-171.6
'-260;9
-276.8
2296.7
-314.6
<332.5
-350.2
-368.1
-386.0
-403,9
-421.8
~439.6
-457.6
-475.5

1.3
3.03848
0.90795
-171.3
(db)
-262.1
-280.3
-298.4
-316.6
-334.7
=352.9
-371.0
-389.2
-407.4
-425.5
-443.7
-461.8 ~
-480.0

l

. TABLE C-vit

2.58424 -
-1 0.93199
~170,9
-264.1
-282.7
-301.4
-320.0
-338.7
=357.3
-375.9
-394. 6
-413.2
-431.9
-450. 5
-469.1
-487.8

Valuea of Eo.o/i:o'

2.11152
0.95770
-170.4

-266.2
-285.3
-304.5
-323.6-

.342.8
-361.9
-381.1
-400.2

-419.4
-438.6
-457.7 . -
-476.9
~496.0

#o
Cy = mr-k

1.10384
1.01490
-169.4
-270,9
-291.2
«311.58
~331.8
-352.1
«372.4
«392.7
~413.0
-433.3
-453.6
-473.9
-494.2
-514.5

C3 = 1.08147K"2/3

0.00000
1.08147
-168.3
-276.5
-298.1
-319.7
-341.3
-362.9
~384.6
-405.2° ..
-427.9
-449.5
-471.1
-492.8
~-514.3
«535.9

[}
2]
120
140
160
180
200
220
240
- 260
280
300
320
‘340

100




TABLE €-X
Free Space Loss Vs Distance at 220 Mc.
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TABLE c-x1

To Calculahs Trancmiuion Losses (Dxffraction) Near

beams vs d;. the results showed L¢ to be less than-1 db in the range of
Radic Horizon on March 8, 1957, 1000 Est. (f= 220 Mc.) .

(not d) enéoumered, dg €350 m)

1 1 = LS

71 The data from the fhghts were given :n terms of the 10 mile medians
dn -
L+a g 14209 (35
near . (median of several observations in 10-mile
surface . N

wrervals) of basic transmission
2 . presumied computed from measured received power lrarsmtter power
266.1 . g

(2.1 = 1.2

(1.5) (38,000) ' antenna gains. line losses ang free space loss.  These points indicated

as carcles in the graphs whickh follow :
= 80 (ft), 1}db = ~1.8.{ab) . k

67.5 (db)

: Table C-XiI contains the 'dbulaffd trarsmicsion loss data of A
= 38,000 1] 237.8 (db) . . . .

66.9 (db) - the flighte

&) +371.2 ; [F(H,)~F(Hz)] ap D 3712 (db)

- Table C-XIl contains a sample caiculation of predicted transmission
g - :

. ' . losses Ly and height gain Gy, for hy. = EB,'OUD feet for March 8.

Eo,0 = El2 {db) L (db) b f H R D ]

=22 &) =2 L ; o

E, 1 E, Rl .

. { : The ca]t:ulaled and measured bqslc transmssion losses !or each of. xhe

-371.1 . . -13L0 -130.9

' -387.6 . -131.7 - -148.1 ’ . flights are shown in Fisures cC-~ ‘hrong}- c-13 dor Mircr 8 1B. 22, 25 27.

. -132.4 -165.3 . ' L

-404.1 . : . 29 and April 1, 1957 The caiculated free §pace curve is shown. but not t.he
-420.6 -133.0 -182.4
-437.1 . N -133.5 -199.4

interfereuce ﬁanen; within horizon The calru]au-d dxﬂracnan curve apphu
-45..6 . C-134.1 0 2216.8

from mughly 30 to 35 miles beyond hor-x.on The calculated scatter loss applies

mughlv for distances grealer than' 50 m:)n besond honwn where it greatly

exceeds the dxf!ra:non ﬁeld

As aforementioned, the scatter loss L, curve we used for predxrno:x wa;

that exceeded 90% of the hou}l ina-vearas being appropriate to March The

value at the surface (hR =0) assumes that hy 1580 Sec!

| -01043R002400130008-9
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Distance -

05
15
25

35
45

55
65
75
85
95

205

TABLE C-X1I

B-47 10 MILE MEDIANS - BASIC
: . " . .AFCRC
8 Mar, 18 Mar, 22 Mar,
138.5 143
126 131
125 128 130
129 (133) 127
136 135 132.5
146 138 143.5
136 137.5° 144
126 132.5 136
126 127 142.5
124 - 1255 133
126 125 139.5
126 132.5° 131
128 131 130.5
128.5 136 1335
133 . 154 . 134
139, - 1477 1435
149 (259 - 149
157.5 168 152.5
166 174.5 " 160.5 .
A ‘188.5.  165.5°
1815 - 189 1
“185 » 176
190 191 178.5
192 2015 183
193.5 199 190
198 205 19
195.5 204 203.5
200 204 207

25 Mar,

- 125.5

130
127.5
126.5
129
129
141
121.5
125.5
124
i24.5
125.5
126.5
129.5
139
(146)
145
153.5
160
‘161
170
181
182°
191.5
204.5

. 199

201.5
201

27 Mar,

(141)
(155) -
157
‘161,58
168
166.5
117
1,5
2
¥ )

188.5 °

29 Mar,
135.5
139.5
130

127.5
129.5

132.5
146
140
130.5

167.5

182.5
189
194.5
195.5
195
201
203

TRANSMISSION LOSS -

1 Apr.
127
130
131

131
152

139.5
130.5

130
121.5
133.5

124 §

134.5

144.5

150.5

197.8

TABLE C-XI (cont'd) -

B-47 10 MILE MEDIANS
AFCRC
K M-{ g2y, 118 Mar 22 Mar] 25 Mar{ 27 Mar,| 29 Mar! ] Aok,
| 405 | 0,8 J211 210 208 201 209 2018
15 204 212 208 1203 206,5 | 214 203,58
28 204 214 8§ 216.5 | 208 1988 211 202
35 205,5 1210.8 218 218 208 210 202
201 216 218,65 1219 203 27 208,5
55 | 204 217 220.5 _1210) 28,5 217 212,5
65 202 218 220 2138 213 222 200 8
5 203 217 218.5 {2245 |215 221 216,5
£5 20 220.5 220 16 .20 213
5 208 12235 225 221,5 12188 28 lta2t)
505 221 2175 228 214 216 221
15 26 12315 230,51207,5 1217 2245
25 27 231 zie s 1212 23 212
35 217 234 221.5 211
£5 211 2322 {214} 220
55 218.% 2215 220 216
45 231 228 2275 216.5
75 232 23 222
BS 228§ 2:8. 8 222.8
95 239 233 229.8
232.5 2148
15 234 234 8
25 21
|35 228.5
45 23
S5
- — 228
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" The predicted or calculated beight gaun in &bis he differeace in db

Detween the value caicalated for the surface idb and that for the altitude

(11}

39.600 feet. The “measured” height gain was the difference iz &b briween

the czlculated value of Ly at the surface and the measured vaiues

in Figures C-14 through C-20  are predicted and measured beight
‘gaim for each of the Rights - The data for Gy from tuese seven flights
-may he averaged and drzwz % represent the month period covered Dy the
seven flights. ";:e re;dts are shows iz F: : -21. . A caicuiated curve

is drawn based on @ medizn & of 260 mules for the penod. . A& median of

P

the seven lG-mile medians for a pven distance 15 oBtzined and Fotted as

a circle in Ficure €-21 - The stzodard deviation of the measured and

sus

[sENY)

‘predicted curve was 2.7 db.

485

' There seems to be evidence iz zre C-21 of some peaking of

Yiaune

measured gain with distance.  Oze peak occurs at abomt 425 mles,

Distanis @ (Biutute Milea)

another at 550 miles and a thixd at 665 miles (this is questionatie as a .

426 445 448

trend for the period dué to the sparsity of data at the extreme range}. This

is believed explainable on the basis of partal reiection from elevaz=d layers’,

08 409
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